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Tém tit

Trong bai bdo nay, trinh bay vé nhitng diém moi
cua mang YOLOV11 so voi cdc phién ban trudc.
Pong thoi sir dung mang hoc sau YOLOvII dé xdy
dung mé hinh nhdn dién bién bdo giao thong trén
mot tap dir liu gé‘m 9.635 anh ciia 56 loai bién
bao giao thong dwong bo tai Viét Nam. Mo hinh
da hudn luyén dat dwoc do chinh xdc trung binh -
mean Average Precision la 97,06% véi mé hinh
YOLOv1Ix sau 100 epoch hudn luyén. Mdt khdc
viée sir dung transfer learning trong hudn luyén
mang YOLOvI1I thi dé chinh xac trung binh dat
99,09% ¢ mo6 hinh YOLOvlIx, tang 2,03%. Voi
két qua nay, nhom tac gia da xday dung mé hinh
thuwe nghiém nhdn dang bién bdo giao thong.

Tw khoa: YOLOvI1I, do ghl'nh xac trung binh,
phat hién va nhan dang bién bao giao thong.
Abstract

In this article, we present the new features of the
YOLOV1I
versions. At the same time, we use the YOLOv1I

network compared to previous

deep learning network to build a traffic sign
recognition model on a data set of 9.635 images
of 56 types of road traffic signs in Vietnam. The
trained model achieved an average accuracy of
97,06% with the YOLOvlix model after 100
training epochs. On the other hand, using transfer
learning in training the YOLOvIl network, the
average accuracy reached 99,09% in the
YOLOviix model, an increase of 2,03%. With
this result, the authors have built an experimental
model for traffic sign recognition.

Keywords: YOLOvII, mean average precision,
detect and recognize traffic signs.

1. Mé dau

Xe tu lai la mét trong nhiing Iinh vuc dugc quan
tam nghién ctru nhiéu nhit trong nhiing nim gan day.
Mot trong nhitng thach thirc quan trong ddi voi xe tu
lai khi tham gia giao thong la kha nidng nhén dién va
phan g chinh x4c vé6i bién bao giao thong, nhimg
yéu t6 ¢ vai tro quyét dinh trong viéc didu hudng va
dam bao an toan. Chinh vi thé, viéc nghién ctru cac hé
thong nhén dién bién bao giao théng nhanh, chinh xac
va hiéu qua 1a mot yéu t6 khong thé thiéu trong qua
trinh phat trién cong nghé xe tw hanh. Py ciing 14 tién
dé quan trong dé dua xe tu hanh vao thyc tién mot
cach an toan va hiéu qua.

D3 c6 nhiéu cong trinh nghién ctru dé giai quyét
bai toan phat hién va nhan dién bién bao giao thong.
Nhom tac gia Bui Qudc T dd sir dung md hinh
YOLOV4 [1] huin luyén trén 1500 anh vai 32 loai
bién bao va tin hiéu dén giao thong, dat dugc do chinh
xac trung binh 91% [2]. M6 hinh YOLOvVS [3] da
duoc Yanzhao Zhu, Wei Qi Yan st dung dé huan luyén
trén 2182 anh véi 8 loai bién bao, dat do chinh xéc
trung binh an twong 1a 97,7% [4]. Mot mo hinh khac
cling dat dugc do chinh xac cao 94,4% khi st dung
YOLOV7 [5] dé huan luyén trén 6945 tim anh v 9
loai bién bao do Tran Thinh Manh Pre, B3 Tri Nhut
dé xuat [6]. X. Dai va cong su [7] da phat trién mot
chién luge mai dé cai thién do chinh xac cia viéc nhan
dang bién bao giao thong trong cac diéu kién 4nh sang
khéc nhau. Ho dat dugc diéu nay béng cach tan dung
cac tinh nang mau séc, mang lai d chinh xac 1a 78%
va tbc do xir Iy 1a 11 khung hinh/gidy. C. Dewi va cong
su [8] da st dung GAN (Generative Adversarial
Network) dé tao ra bd suu tap hinh anh dao tao 16n
hon va da dang hon, tir &6 nang cao tap dir liéu. Bang
cach tich hop hinh anh tong hop véi hinh anh gdc, ho
nham muc dich ning cao chit luong tong thé cua tap
dir liéu. Két qua nghién ctru ciia ho cho thiy do chinh
xac 1a 84,9% khi st dung YOLOV3 va cai thién hon
nita 1én 89,33% vi YOLOv4. Co thé thay cac cach
tiép can dugc gidi thi¢u o trén 1a st dung cac mo hinh
phat hién ddi twong (chii yéu 1a ho cac mo hinh
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YOLO), s6 lugng anh chua nhiéu nén do chinh xac
mac du cao nhung chua thuc sy tin cay, s6 loai bién
bao nhan dién dugc con it. Ngoai ra, cac cach tiép can
nay ciing chua dé xudt huéng xay dung mé hinh vét
1y dé c6 thé ap dung mo hinh nhéan dién bién bao giao
thong vao thuc té.

Gan day, phién ban ké tiép cua cic md hinh YOLO
la YOLOv11 [9] da dugc gidi thiéu va dat dugc do
chinh xac va tc dd cao hon so v&i vac md hinh YOLO
trude do. Trong bai bao nay, chiing t6i dé xuat ap dung
mo hinh phat hién ddi tuong YOLOVI1I trén tap dir
liéu hinh anh 16n vé6i ngit canh phuc tap dé xay dung
mo hinh nhan dang 56 (trén hon 382) loai bién bao
giao thong duong bo ¢ Viét Nam. Noi dung tiép theo
ctia bai bao s& duoc trinh bay theo bd cuc sau: Phan 2
s& trinh bay nhitng vé nhitng diém méi trong mé hinh
kién trac cua mang YOLOv11; Phan 3 1a tmg dung
mang YOLOvI1 dé huan luyén mo hinh phat hién
bién bao giao thong; Phan 4 14 trién khai mo hinh phat
hién bién bao giao thong trén mot md hinh vat 1y va
phan cubi cung 1a két luan.

2. Mang YOLOv11

Mang YOLO, viét tit ciia cum tir You Only Look
Once (ban chi nhin mét 1an) [10] ndi bat vi sy can
bang dang kinh ngac giita tbc do va do chinh xéc.
Mang YOLO cho phép nhan dang nhanh chéng va
dang tin cdy cac vt thé trong hinh anh. K& tir khi ra
doi, mang YOLO di phét trién qua nhiéu phién ban,
mdi phién ban déu dwa trén cac phién ban trude dé
giai quyét cac han ché va nang cao hiéu suét.

YOLOVI1 14 phién ban méi duge gidi thi¢u vao
thang 9 nim 2024, dinh nghia lai nhiing gi c6 thé vé
d6 chinh xac, tbc d6 va hiéu qua, dai dién cho mot
budi tién dang ké trong cong nghé phat hién dbi twong
theo thoi gian thyc. Dua trén nhiing tién bo 4n tuong
cua cac phién ban YOLO trudc do, YOLOvI1I1 gioi
thi¢u nhiing cai tién dang ké vé kién tric va phuong
phap dio tao, bién no thanh Iya chon linh hoat cho
nhiéu tac vu thi giac may tinh. YOLO11 mé rong va
ning cao nén tang do YOLOVS [11] dat ra. Cac phan
sau ddy néu chi tiét cac sira d6i kién triic quan trong
dugc trién khai trong YOLOV11:

Po6i méi vé kién tric: M6 hinh két hop cac yéu t6
kién trac méi gitip ting cuong kha ning trich xuét va
xtr 1y tinh nang. Viéc két hop cac yéu tb mdi nhu khoi
C3k2 (Cross Stage Partial with kernel size 2) thay thé
cho khi C2f, SPFF (Spatial Pyramid Pooling - Fast)
va C2PSA (Convolutional block with Parallel Spatial
Attention) gop phan trich xuat va xir Iy tinh nang hiéu
quéa hon. Nhirng cai tién nay cho phép mé hinh phan

tich va dién giai thong tin hinh anh phtc tap tot hon,
6 kha niang dan dén cai thién do chinh xac phat hién
trong nhiéu tinh hudng khac nhau. Kién tric cia mo
hinh mang YOLOVI11 c6 thé xem & [12].

Co ché chi y ning cao: Mot tién bo quan trong
trong YOLOVI11 1a tich hop céc co ché chu y khong
gian tinh vi, ddc biét 1a thanh phé‘m C2PSA. Viéc dua
C2PSA vao gitip YOLOv11 khac biét so vdi nguoi
tién nhiém ctia n6, YOLOVS, khong c6 co ché chu y
cu thé nay. Tinh ning nay cho phép mé hinh tap trung
hiéu qua hon vao cac vung quan trong trong hinh anh,
tang cuong kha ning phat hién va phan tich cac ddi
tuong. Kha nang chu y duoc cai thién dac biét co 1oi
cho viéc xéac dinh cac dbi tuong phtrc tap hodc bi che
khudt mot phan, giai quyét mot thach thirc phd bién
trong cac tac vy phat hién dédi tuong. Sy tinh chinh nay
trong nhan thirc khong gian gép phan vao nhing cai
tién hiéu suét téng thé cia YOLOv11 , ddc biét 1a trong
cac moi truong thi gidc day thach thirc.

Biéu dd so sanh hiéu suit dugc mo ta trong Hinh
1 bao gdm mét s6 thong tin chi tiét quan trong.

COCO mAPSS %

38 PP-YOLOE+

0 2 4 6 B 10 12 14 6 18
Latency T4 TensorRT10 FP16 (msfimg)

Hinh 1. So sanh YOLOv11 vdi cdc phién bdn truéc [9]

Céc bién thé YOLOv11 (11n, 11s, 11m, 111 va 11x)
tao thanh mdt ranh gidi hi¢u suét riéng biét, vdi mdi mo
hinh dat diém COCO mAP 50-95 cao hon tai cac diém
do tré twong tmg cta chung. Pang chi y, YOLOv11x
dat dugc khoang 54,5% mAP 50-95 & d9 tré 13ms, vuot
qua tat ca cac phién ban YOLO trudc d6. Céc bién thé
trung gian, dac biét 1a YOLOv11m, ching minh hiéu
qua dac biét béng cach dat dugc do chinh xac tuong
duong véi cac mo hinh 16n hon tir cac thé hé trude trong
khi yéu cau thoi gian xir 1y it hon dang ké. Cu thé,
YOLOI11m dat d6 chinh xac trung binh (mAP) cao hon
trén tap dir lieu COCO véi s6 tham sb it hon 22% so
v6i YOLOv8m [9], gitip tang hi¢u qué tinh toan ma
khong anh huong dén d6 chinh xac.

Thuét toan YOLOv11 dugc trinh bay ¢ Hinh 2,
con & Hinh 3 14 Iuu d6 huén luyén mang YOLOVI11.

Trong do PAN (Path Aggregation Network) 1a mot
kién trac gitip ting cudng thong tin tir cac tang sdu va
cac ting ndéng cuia mang Backbone. Thuit toan
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Nhin anh diu vio

| Chia anh thanh lusi |

l

‘ Trich xuét dac trung bing Backbone (C3k2,SPFF) |

| Téng hop dic trung bing Neck (PAN, C2PSA) |
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Chuén bi dir liéu: Thu
thip anh, gan nhan

!

Khéi tao mé hinh: Chon ciu hinh YOLOv11 (n, s,
m, |, X) va tai trong sb da hudn luyén (néu co)

;
Huén luyén: Trich xuat dic trung, ting cuong
dir liéu, témg hop thong tin, du doan déu ra va
tinh todn ton thit

Du do4n vt thé:

- Xac dinh hdp gidi han
- Phan loai vat thé

- Gan diém d6é tin cay

l

| Ap dung NMS dé loai bo hop tring lap |

l Xuét danh séch vat thé nhan dién I

I

Hinh 2. Luu dé thudt todn YOLOvII

YOLOvIl (Hinh 2) van 4p dung NMS (Non-
Maximum Suppression), gitip loai bo cac hdp gidi han
trung 1dp dé chi giir lai hop co do tin cdy cao nhét cho
mdi vat thé.

Dua trén luu d6 huén luyén ¢ Hinh 3 nhém tac gia
d4 tién hanh x4y dung mé hinh phat hién bién béo giao
thong & Phan 3.

3. Cai thién do chinh xac trung binh khi si
dung mang YOLOv11 dé xay dwng mé hinh
nhan dién bién bio giao thong

Dé xdy dyng mo hinh nhan dién bién bao giao
thong, nhom tac gia da lya chon tip dir liéu cong cong
gdm hinh anh céc bién bao giao thong dudng bo & Viét
Nam, cu thé tap huén luyén gém 6750 anh (minh hoa
& Hinh 4), tap danh gia gdm 1922 anh va tap kiém tra
gdm 963 anh v6i kich thudc  640x640
(https://universe.roboflow.com/giang-
yp9gl/vietnam-traffic-sign-altsi).

YOLOV11 c6 5 phién ban khac nhau la Nano (n),
Small (s), Medium (m), Large (1) va Extra Large (x).
Céc phién ban nay khac nhau ba tham s6 chinh: Depth
(d0 sau cua mang), Width (d6 rong cua mang), Max
Channels (gi6i han s6 luong kénh t6i da). Trong d6 md
hinh Nano ¢6 kich thudc nho nhét, do chinh xac théip

Téi wu mé hinh: Piéu
chinh trong so va kiém
tra do chinh xac

Kiém thir: Danh gia trén tap kiém tra

Hinh 3. Lwu dé huén luyén mang YOLOv11

nhat, téc do thuc hién nhanh nhét con mé hinh Extra
Large co kich thudc 1on nhéat, do chinh x4c cao nhét va
thoi gian thyuc hién lau nhat. Trong bai bai bao nay
nhom tac gia da thuc hién huén luyén trén ca 5 mo6 hinh
v6i YOLOv11, sau 100 epoch thi thu duoc két qua vé
d6 chinh xéc trung binh trén tip huin luyén va tap dang
gia nhur ¢ Bang 1. Phuong phép huan luyén c6 st dung
transfer learning, cac ky thudt taing cuong dir liu va
duogc thye hién trén Google Colab vai GPU A100.

Hinh 4. Mt s6 bién bdo giao thong trong tip

huén luyén

Trong Bang 1 thong s6 mAP(50), 1a d6 chinh xac
trung binh dugc tinh ¢ ngudng giao nhau trén hop
nhau (IoU) 12 0,50. ToU 1a mdt s6 liéu quan trong trong
phat hién d6i twong, cung cip thudc do dinh luong vé
mirc 9 chong chéo giita hop gidi han thuc té co ban
(ground-truth bounding box) va hdp gidi han du doan
(predicted bounding box) do mé hinh phat hién dbi
tuong tao ra. Thong s6 mAP (50-95) 1a trung binh cta
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d6 chinh xac trung binh dugc tinh ¢ cac ngudng loU
khac nhau, dao dong tir 0,50 dén 0,95.

Tir Bang 1 cho thiy do chinh xéc trung binh (mean
Average Precision) mAP(50) cta ca 4 phién ban (tru
phién ban YOLOV11no) déu cao, thap nhat 1a 92,88%
& m6 hinh YOLOv11so va cao nhit la 99,09% & mo
hinh YOLOv11x. Céc két qua véi gia tri danh gia
mAP(50-90) trén tap hudn luyén ciing dat dugc 78,2%
v6i mdé hinh YOLOvllso va ting dén 92,79% &
YOLOv11x. Ddng thoi trén tap danh gia thi do chinh
xac cua mo hinh cling tuong tu nhu tap huén luyén,
cho thdy mé hinh da huén luyén 1a tin cay.

Bdng 1. So sanh dj chinh xdc trung binh

R . Tép danh gia
Tép huan luyén (%)
(%)
Anh 640x640
STT | YOLO

mAP

mAP mAP mAP (50

50 50-90 50

(50) ( ) | (50) %)
1 vlln 94,99 84,70 94,80 | 84,70
2 vlls 98,74 91,35 98,30 | 91,30
3 vllm 98,50 91,13 98,10 | 91,10
4 vlll 98,54 91,93 98,40 | 91,90
5 vllx 99,09 92,79 99,10 | 92,80
6 v1lno 51,40 41,49 51,60 | 41,70
7 vllso 92,88 78,20 92,80 | 78,20
8 v11mo 96,81 87,85 96,80 | 87,80
9 vlllo 97,09 89,13 97,10 | 89,10
10 | vllxo 97,06 89,62 97,00 | 89,60

O Bang 1, cac mé hinh YOLOvllno dén
YOLOv11xo la cac ky hiéu thé hién khong sir dung
transfer learning trong qua trinh huén luyén dé phan
biét v6i cac md hinh YOLOv11n dén YOLOv11x la
¢6 sir dung transfer learning (hoc chuyén giao) trong
khi huan luyén. Transfer learning duoc st dung & day
1a viéc tai trong s6 tir mo hinh d3 dugc huén luyén
truée voi dir liéu 16n (Tai trong sé tir cac md hinh
YOLOvlIn.pt d&n YOLOvllx.pt mot cach tuong
{mg). Viéc tai trong s6 khong nhimg tranh phai hun
luyén tir dau ma con gitp tan dung duge cac kién thirc
vé dic trung cua anh, kién thirc vé phat hién vat thé,
mot s6 ddi twong tham gia giao thong da biét,... Piéu
nay gép phan ning cao do chinh x4c ctia mé hinh khi
hudn luyén. Két qua & Bang 2 cho thay, khi st dung
transfer learning thi d§ chinh x4c cia md hinh tang tu
1,45% (YOLOv111 so véi YOLOvI1lo) dén 13,15%
(YOLOV11s so véi YOLOv11s0) & tap huan luyén va
con trén tap danh gia thi tang tir 1,3% (YOLOvI1m so
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v6i YOLOv11mo) dén 13,1% & (YOLOv11s so véi
YOLOv!11s0). Bac biét, s YOLOv11n da tang 43,59%
& tap huan luyén va 43,2% trén tap dang gié.

4. Xay dwng mé hinh thwe nghiém

Trudc khi xay dung mo6 hinh thyc nghiém, nhom
tac gia da danh gia cic mo hinh da huin luyén ¢ Bang
1 trén mét laptop cd GPU Quadro P4000 qua mdt s6
video thu thép tir Internet. Viéc danh gia cling dugc
thue hién khi mé hinh hudn luyén & dinh dang file cua
thu vién Pytorch va dang trién khai thuc té TensorRT-
FP16. Két qua cho thdy mé hinh c6 d6 chinh xac cao
hon thi tdc d6 phat hién (khung hinh trén gidy) cham
hon. Véi laptop c6 GPU Quadro P4000 ¢ trén thi md
hinh thuc nghiém c6 thé dat t6i 25 FPS (khung hinh
trén gidy) va do chinh xac dat 71% & mot s6 loai bién
bao, minh hoa & Hinh 5.

Bdng 2. Mirc tang mAP khi sir dung transfer

learning
Tap huén luyén | Tép danh gia
(%) (%)

srr | voLo Anh 640x640

mAP mAP mAP TSI?)P

(50) (50-90) | (50) %)
1 viln | 43,59 4321 | 43,2 | 43,00
2 | vlls 5,86 13,15 | 5,50 | 13,10
3 | vllm | 1,69 3,28 13 | 33
4 | vl 1,45 2,8 13 | 28
5 | vllx 2,03 3,17 2,10 | 3,20

Hinh 5. Két qué nhén dién bién bdo véi di liéu tiv

Internet

Dua trén két qua kiém thir, nhom tac gia da xay
dung m¢t mo hinh thuc nghiém theo so dd khéi ¢
Hinh 6, dugc minh hoa ¢ Hinh 7. Trong Hinh 6, laptop
c6 camera sé& trién khai mo hinh phat hién bién béo
giao thong da duogc lya chon dya trén toc do (khung
hinh trén gidy) va d¢ chinh xac qua ngdn ngir Python.
Laptop s& gri tin hiéu dén board arduino dé diéu khién
hai dong co dan dong xe thong qua mach cau H.
Nguon dién dugc s dung & ddy 1a mot dc quy nho
12V. Trong qué trinh xe di chuyén, camera trén laptop
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s& chup anh, néu gip bién bao giao théng vi du bién
P.102 (bién cAm di nguoc chidu) thi dimg xe. Hinh 8
minh hoa mé hinh phat hién bién bao giao théng dugc
ap dung vao mo6 hinh thuc nghiém cho Kkét qua nhéan
dién bién P.102 12 91%.

Laptop c6 camera

| Board Arduino |——{Mach chu H |~ Hai déng co

déin dong xe
Ngudn dién

Hinh 6. So' dé khéi mé hinh thic nghiém

Hinh 7. Cic thanh phén thuc té ciia mé hinh
phdt hign bién bdo giao thong

Hinh 8. M6 hinh thwc nghiém

5. Két luan

Dé cai thién d6 chinh xéc trung binh khi tmg dung
mang YOLOv11 dé xay dung mé hinh phat hién bién
bao giao thong duong bo & Viét Nam, chung t6i da
huén luyén cac phién ban YOLOvI11 khac nhau trén
tap dir liéu gdm 9635 anh. Chung t6i ciing dua ra két
qua so sanh giita viéc huin luyén c¢6 st dung transfer
learning va khong sir dung transfer learning. Két qua
cho thiy viéc sir dung transfer learning da giup ting
dd chinh xac trung binh cua md hinh 1én 2,03%, tur
97,06 1én 99,09%, vuot trdi so vdi cac cong trinh da
gidi thiéu trong bai bdo. Ngoai ra, mé hinh thuc
nghiém da xay dung co thé dat dugc téc do 25 FPS va
d6 chinh x4c dat 71% & mot s6 loai bién bao.
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