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Tém tit: Hir hong mdt dwong, déic biét la “6 ga”, la méi de doa nghiém trong doi véi
an toan giao thong va gdy thiét hai kinh té 1om tai nhiéu quéc gia. Cac phwong phdp khdio
sdt truyén thong ton kém, chii quan va thiéu hiéu qud, trong khi cdc gidi phdp t ddng hién
c6 van gdp khé khan trong cdc diéu kién thuc té phirc tap nhw béng ram, viing niede, dnh
sang yéu va 6 ga kich thuéce nhé. Nghién civu nay dé xudt cdi tién kién tric YOLOvI2 két
hop véi module self-attention (SA) dé nam bdt moi quan hé ngit canh toan dién va Enhanced
Visual Center Block (EVCBlock) tap trung trich xudt ddc trung trung tam 6 ga va tec ché
nhiéu ngoai vi. M6 hinh dwoc hudn luyén va danh gid trén bé dir liéu 19,267 anh tong hop
tir RDD2020, RDD2022 va Roboflow. Két qua thie nghiém cho thdy mé hinh dé xudt dat
Precision = 84.23%, Recall = 74.97%, Fl-score = 79.33%, mAP@0.5 = 82.36% - vuot
tréi so véi YOLOVI2 goc (+6.28% mAP@0.5) va mét sé bién thé YOLO nano (YOLOvSn,
YOLOv8n, YOLOvIIn). So véi kién triic ResNet50, Vision Transformer va Swin Transformer,
mé hinh dé xudt dat d¢ chinh xdc twong dwong trong khi giam 66-68% chi phi tinh todn va
67-69% tiéu thu nang heong, duy tri téc do 122 FPS trén GPU NVIDIA RTX 3050.

Tir khéa: phat hién 6 ga, YOLOvI2, self-attention, EVCBlock, thi gidc mdy tinh, hir hong mdt
duong, hoc sdu

I. Pit van dé

Su xudng cdp cua ha ting dang 1a
thach thirc nghiém trong d6i voi bat ky
nude nio, khi nhidu tai nan giao thong
xudt phat tir viéc ha ting khong dap tng
tiéu chuan. Trong sb cac loai hu hong
mit dudng, “6 ga” dang 13 mdi de doa
truc tiép va nghiém trong d6i véi nguoi
tham gia giao thong (Cuthbert & cdng
su, 2024). Chi riéng tai Hoa Ky, theo bédo
céo cia Ellen Edmonds (2022) 6 ga khién

"' Truong Pai hoc Mo Ha Noi, Ha Noi, Viét Nam

nguoi lai xe thi¢t hai khoang 26.5 ty USD
mdi nam. Ciing theo ho so an toan dudng
bd Viét Nam nam 2025, dit nudc ghi
nhan khoang 42 ca to vong/1.000 km,
v6i tong chi phi kinh té wéc tinh 1én t6i
19 ty USD (tuong duong 5% GDP). Vi
vay, chit luong ha tz‘ing duong bo, bao
gdm tinh trang mat dudng va 6 ga duoc
xac dinh 1a mot trong nhitng yéu té then
chbt anh huéng dén an toan giao thong
(ATO, 2025).



Céc khao sat thu cong truyén thong
phu thudc vao nhan vién thuc dia quan
sat va do luong mirc @6 hu hong. Nhirng
phuong phap nay khong chi tén kém, dé
sai s6t ma con mang tinh chu quan cao
(Cuthbert & cong su, 2024). Céc giai phap
tu dong sir dung may quét laser 3D hoac
xe do chuyén dung tuy chinh x4c nhung
doi hoi von dau tu 1om.

Nhiing tién bo trong hoc sau va thi
gidc may tinh voi cach tiép can theo hudng
chi phi thap va thoi gian thuc. Ho mé hinh
YOLO (You Only Look Once) ndi 1én
nhu mot trong nhitng lya chon hang dau
cho bai toan phat hién déi tugng nho kién
tric bg phat hién mdt giai doan, gitp can
bang hiéu qua giita toc d6 va do chinh xac
(Redmon & cong su, 2016). Tuy nhién,
mo6 hinh ndy van ton tai han ché trong moi
truong phirc tap: hidu suat giam manh voi
6 ga nho hodc hinh dang bat quy tic va
kha ning trich xuat dic trung kém trong
& cong su, 2025).

nén phuc tap (Xuefang
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Hinh 1. Vidu é ga trong diéu kién thuc

té: (a) 6 ga khé ban ngay, (b) 6 ga ngdp

miede, (c) 6 ga ban dém, (d) 6 ga cé bong
ram va bi che khuat.

Trén co s& phan tich cac nghién ctru
trudc day, dong gdp cua nhdm nghién ctru
gom: (1) dé xudt tich hop self-attention
toan cuc vao backbone va Enhanced

Visual Center Block vao neck cua kién
traic YOLOv12 nham nang cao hiéu xuat
nhan dién 6 ga (2) tién xu 1y két hop can
bang histogram thich nghi c¢6 gidi han
tuong phan (Contrast Limited Adaptive
Histogram Equalization - CLAHE) thich
ung gitp giam khoang cach gitra cac b dir
liéu RDD2020, RDD2022 va Roboflow;
(3) danh gia thuc nghiém trén tap kiém
thir v&i so sanh giita cac bién thé cua kién
triic YOLO va mot s0 kién tric khéc.

I1. Phwong phap nghién ciru

2.1. Nghién curu co lién quan

Trong nhiing nam gan déy, bai toan
phat hién o ga da nhan duogc sy quan tam
trong cong dong nghién ciru thi gidc may
tinh. Xu huéng phat trién dya trén mé hinh
YOLO, dic biét khi két hop véi cac bo dir
liéu nhu RDD2020 & RDD2022 dugc xay
dung bdi Arya va cong su (2022; 2021)
déu tap trung vao viéc cai tién kién trac
dé nang cao do chinh x4c, tdc do thoi gian
thue va kha niang khai quat hoa trong diéu
kién phtec tap.

Cuthbert va cong su (2024) dé xuit
stt dung md hinh YOLOV5 két hop véi hé
thong camera gan trén phuong tién va udc
luong kich thude 6 ga. M6 hinh dugc huén
luyén trén 1,876 anh dat precision 93.0%,
recall 91.6% va mAP@0.5 dat 96.3%.

Yue va cong su (2024) phat trién
mo hinh RDD-YOLO duya trén nén tang
YOLOv8 nhim phat hién da dang céc
loai hu héong mat duong. Mo hinh dugc
huan luyén trén bo dir liu RDD2022.
Két qua dat mAP@0.5 1a 62.5% va F1-
score 13 69.6%.

Jiayi va Han (2024) dé xuat mo
hinh YOLOV8-PD, mét phién ban t6i
uu héa clia YOLOv8n danh cho thiét bi



tai nguyén han ché. Két qua thuc nghiém
cho thiy mo hinh cai thién dang ké do
chinh x4c so voi YOLOVS gdc trong khi
van duy tri toc d6 xir 1y thoi gian thuc.
Hao va cong su (2026) gioi thiéu
mo hinh SDC-YOLOVS, trong do tich hop

trich xuat dac trung da ti 1€, tai clu tric
dic trung thich tng va co ché chu y theo
toa do. Mo hinh danh gia trén tap dir li¢u
Pothole 665 va dat mAP@0.5 = 78.0%,
Fl-score = 75.5% dong thoi dat toc d6 suy
luan 85 FPS.

Badng 1. Tong hop cong trinh nghién ciru cé lién quan

Tac gia Mo hinh |  Dataset Kién tric chinh scol::(-% ) 15115&(12 /E@)/
gggf)e” VACNESE |y ovs (Tlugt?g ;i‘i‘ll; CSPNet+PANet+ LKA | 87.0 | 96.3
Yue va cong su (2024) SI;ODI]?(') RDD2022 Y(c)hﬁvlfgt ;gg C‘I’:i y"f:‘g 606 | 625
Tiayi va Han (2024) YOLOVS- | RoadDamage | YOLOv8n + attention nhe | 63.0 64.2

PD | RDD2022 + PAN-FPN 680 | 70.6
Hao va cong su (2026) ch)lzg'vg Pothole 665 i?chgZiIL ?P;E;)Ltifg 755 | 780

Ttr cac nghién ctru trén, ¢ thé nhan
thidy mo hinh YOLO giit vai trd trung tam
trong cac hé thong phat hién 6 ga nhd kha
nang xu 1y thoi gian thuc va kién trac linh
hoat. Nhung ciing dit ra han ché hiéu ning
suy giam trén cac tap dir li¢u phuc tap, cac
yéu té nhu boéng rim, viing nudc, kich
thudc 6 ga nho van dang 1a thach thic 16n
v&1 mo hinh.
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2.2. Kién triic YOLOvI2

YOLOV12 12 mét kién trac dugc tuy
bién boi nhom nghién ciru ciia Yunjie Tian
va cong su (2025). YOLOvI2 duoc thiét
ké theo huéng lai, két hop giita 16p tich
chdp va co ché attention, tir d6 cai thién
hiéu nang phat hién ddi tugng trong kich
ban phtrc tap.
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Hinh 2. Kién triic YOLOv12




Kién trac tong thé cua YOLOvI12
tuong tu cdc mo6 hinh YOLO hién dai. Tuy
nhién, diém khac biét cbt 16i ndm & viée
tich hop cac khéi attention vao bude xtr ly
dic trung. YOLOV12 ap dung co ché area
attention (AA), trong d6 ban d6 dic trung
duoc chia thanh cac vung thay vi tung
pixel. Khi do, attention duogc tinh trén céac
vung theo ham softmax:

Attentiongy., = Softmax (QFKFT)'[—';# (1)
Vd

v6i Q,, K,, V. 1a biéu dién dic trung theo

vung. Cach tiép can nay gitp giam dang

ké chi phi tinh toan, dong thoi van giir

duoc thong tin nglr cdnh quan trong.

Trong nghién clru nay nhoém su
dung phién ban YOLOvI2 gbc commit
28a618b tir kho ma ngudn chinh thic tai
GitHub sunsmarterjie/yolovl2 lam mo
hinh co s&. M6 hinh dugc huin luyén tir
dau, khong s dung trong sb tién huin
luyén, v6i cling cau hinh tham sb va tap
dit liéu nhu md hinh d& xudt nhdm dam
bao tinh cong bang trong so sanh.

2.3. M6 hinh dé xuit

Nhém nghién ctru dé xuit mé hinh
YOLOV12-SA-EVC, dugc xay dung trén
nén tang YOLOV12 v6i hai cai tién cdt 16i:
(i) tich hop module SA vao cubi backbone
nham nim bat quan hé toan cuc, (ii) bd
sung EVC vao neck nham tap trung trich
xuat dic trung trung tAm cua 6 ga va loai
bo nhiéu ngoai vi.
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Hinh 3. Kién triic mé hinh d@é xudat YOLOvI2-SA-EVC

2.3.1. Module self-attention toan cuc

Mic da YOLOvI2 di c6 san co ché
AA, co ché nay tinh attention timg ving cuc
b nén kha ning nim bat mbi quan hé giita 6
g3 va ngit canh con han ché. Nham giai quyét
van d& d6 module SA dugc dit ngay sau khdi
R-ELAN [512], v6i biéu d dic trung c6 kich
thude 20x20x 1024 gitip dau ra ctia backbone
giau thong tin ngtr canh hon.

SA thuc hién attention toan cuc cho
phép moi vi tri (i, j) trong PS5 chiry dén tat
ca cac vi tri (k,I) con lai. Cu thé, dau vao
biéu do dic trung X € R¥*W*C duoc
chiéu thanh ba ma tran Q, K, V thong qua
cac phép bién d6i tuyén tinh (Vaswani &
cong su, 2017):

T

. _ QK )
Attention (@ K. V) = Softmax (v"?;; V# (2)




Mai vi tri (i,j) sinh ra mot query
vector g;; tr ma trén Q; vector nay so
khép véi toan bo tap key k., qua tich
vO hudng sau d6 chuan hoa bang ham
softmax dé tao phan phéi chu y. Co ché
nay quan trong cho bai toan vi: (i) 6 ga
thuong c6 quan hé phy thudc voi cac yéu
t6 nén xung quanh; (ii) 6 ga bi che khuét
(do nudc hodc bong) co thé dwgc nhan
dién khi mé hinh téng hop manh mdi tir
cac vung lan can.
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Q. K,V (dimx 3) ¢ | O (area x N/area’) = O(N)

A
T

Ghép ving + Phép chiéu
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[ ] | P —
Attention tdp trung vao
ving 6 ga (do dim)
Attn x V -> Output
Dic trung ngir canh toan
cuc

o) ®)

Hinh 4. Co ché self-attention (4) va area
attention (B)

AA c¢6 d6 phire tap O(N*/A*)vGi A la

sO ving, con SA thuan 1a O(N®). Vi SA chi

duogc dat tai P5 chi phi thuc té van ¢ muc

quan ly dugc. Pé dam bao tdc do, module
ap dung FlashAttention (Dao & cdng su,
2022) t&i uru héa bd nhé ciia GPU, dong thoi
stt dung Conv 7x7 thay cho ma héa vi tri
truyén théng giip mo hinh ndm théng tin vi
tri khong gian ma khong lam cham suy luan.

2.3.2. Module EVCBlock

O ga c6 hinh thai dic trung voi ving
trung tdm 16m tuong phan cao so v4i bé
mat duong, trong khi vung bién thudong
bi nhiéu boi bong ram, vét nit hodc nude
dong. Tuy nhién, cac khéi C2f trong
YOLOvI12 gbc xir Iy ddc trung dong déu
trén toan feature map, khong phan biét
murc d§ quan trong gitra vung trung tdm va
ngoai vi dan dén nguy co nhiéu nén l4n 4t
tin hiéu dic trung dbi tugng. Trong nghién
ctru nay, nhom nghién ctru giai quyét van
dé bang cach tuy bién EVCBlock tir ¥
tudng cua Quan va cong sy (2023).

EVC bao gém hai nhanh xir Iy song song:

Nhanh Visual Center Attention:
Global Avg Pooling nén biéu d6 dic trung
thanh vector kénh 1x1xC, sau d6 qua hai
16p két nbi voi ty 16 nén r va ham kich
hoat ReLU, tao ra trong s& a € (0,1) qua
ham Sigmoid. Sau do, m¢t Spatial Center
Mask duoc xay dung dya trén phan phdi
Gaussian 2D tap trung vao vung trung
tam ctia biéu do dic trung, md phong xu
huéng dic trung trung tim ddi twong nam
O vung gitra bounding box (bbox).

M. () = exp[—((1 = H/2)*/ (20H7) + (j — W/2)* [ (26W=))] 3)

Cong thuc (3) dua trén y tudng
Spatial Center Mask cua Quan va cong su
(2023) va tuy bién cho phan bd 6 ga tap
trung ¢ vung gitra - dudi anh. Trong do:

i, jlatoado pixel trén biéu dd dic trung;

H,W 1a chiéu cao, chiéu rong cua
biéu dd dic trung tai P3: 80x80, P4:
40%40, P5: 20%20;

Oy, 0 12 d0 léch chuan theo truc
doc va ngang. Trong thuyc nghiém chon
O = =, 0y ==& phii=95% ving trung tam.



Sau d6 két qua duoc két hop voi
trong sd kénh a qua tich Hadamard dé tao
ban d6 chu y tonghop M = a x M_, khi
d6 M duoc nhan ting phan tir v6i dic trung
dau ra cua nhanh Local Feature Extraction
theo cong thtrc (4).

Nhanh Local Feature Extraction: Ap
dung chudi Conv 1x1 — DW-Conv 3x3
— BN + GELU dé trich xuat dic trung
cuc bd. Ban dd cha y M duogc nhan tirng
phan tir vao dic trung dau ra:

F' = Ficlmi O M# (4)

Pau ra cta hai nhanh duge Concat,
chiéu lai kich thudc gbc qua Conv 1x1 +
BN, rdi cong voi skip connection tur dau
vao gbc X.

Y = X + Conv,,, (Concat (Focs. F))# (5)
Két ndi residual dam bao gradient

lru thong tot trong huan luyén va khong
1am mét thong tin dic trung ban dau.

_} Center ) Global Avg Pooling

o FC (Linear) + ReLU H Siod H ol i Mask}_* Channel x

N

C>Ch>C Spatial |

i Aftention

4},5137 Branch

:  Extractin

H o | |
—» Feature '—A‘ Convlxl l—* DW -Conv3x3 —»BN GELU‘

|| Apply Attention M
[ | 7|F'=TF x M (visual center)

Feature map diu vao X
HxWxC Skip
connection

Residual X

<] Concat / Add
"l Merge VCA + Local branches

Add (Residual) + Norm

= 4l
Y =X + Conv Ix] (Concat)
Feature map diu ra
Hx W x C (giau dic trung dau ra)

Hinh 5. Kién triic chi tiét EVCBlock

2.4. Bé div liéu va tién xir Iy div ligu

B4 dit liéu dugc thu thap tur nén tang
Roboflow va loc chon tir hai tap RDD2020
& RDD2022 véi nhan Pothole (D40). Sau
khi loai boé céc anh trung lap va khong
dat, bo dix liéu cudi cung g@)m 19,267 anh
duogc chia theo Bang 2.

Bang 2. Phan chia bo dir liéu

Tap dif liéu | S0 anh | S6 bbox | Ty 18 (%)

Huan luyén [ 16,118 | 30,443 83.7

Kiém tra 2,094 | 5212 10.9

Kiém thur 1,055 | 2,649 54

Tong cong | 19,267 | 38,304 100

Tap dit liéu bao quat cac diéu kién
thuc té phtc tap: 4nh sang ban ngay/dém,
bong ram, viing nudc, bé mat ut va

moi truong d6 thi gitip mo hinh c¢6 kha nang
khai quat hoa tdt khi trién khai thuc té.
Quy trinh loc dir liéu gém: (1)
Chuéan héa nhén - nhin D40 tir RDD2020/
RDD2022 va Roboflow dugc anh xa théng
nhat v& mot 16p “pothole”. (2) Loai bo anh
trung 18p - su dung thuat toan Perceptual
Hash d¢é tinh toan vector dic trung thi gic
clia timg anh va so sanh do tuong ddng
giita cic cip anh; cac anh c6 d6 trong dong
>90% dugrc loai bd, chi gilr lai m§t anh dai
dién. (3) Loai bd cac anh bi mo, thiéu nhan
hodc bbox khong hop 1¢. Tiép theo, tat ca
anh dugc chuyén vé kich thudc 640x640
pixel bang letterbox resize. Dong thoi, ki
thuat CLAHE (Zuiderveld, 1994) duoc



ap dung trén ca ba tap, thuc hién riéng 1éch mau. Viéc ap dung cho ca 3 tip nham
trén kénh L cta khong gian mau LAB dé loai bo khoang cach mién dit liéu, dam bao
tang do tuong phan cuc by ma khong gay tinh nhat quan khi suy luan.

So sanh CLAHE - anh & g 640x640 (L-channel trén LAB)

CLAME ciip=4.0 {tham chidu)

Hinh 6. So sanh anh géc va sau CLAHE vdéi clip_limit=[2,4]

Phéan tich phan phéi bbox trén tap va ti 1é chiéu rc}ng/chiéu cao da dang tu
huan luyén cho thay 65.1% la d6i tugng 0.5 - 2.5. Pic trung nay cung cap co so
kich thudc nho (dién tich bbox <32x32 px), khoa hoc quan trong dé vu tién thiét ké SA
phan bd tap trung & ving giita, dudi anh va EVC tap trung vao dac trung da ty 1¢.

Phén tich Bounding Box - Pothole Dataset

(a) Phan phéi dién tich bbox o (b) M@t dé vj tri tdm bbox
H === Small ’
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Hinh 7. Két qua phan tich tdp dir liéu



2.5. Phwong phadp danh gia

bé danh gia toan di¢n hi€u ning cua
mo hinh, nhom nghién ctru st dung hai
nhom chi sd: chinh xac phat hién va chi
phi tinh todn - ndng luong (Padilla & cong
su, 2020).

1) Chi s6 chinh xac phat hién

Str dung bd chi s6 tiéu chuén cho
bai toan phat hién gém Precision (P),
Recall (R), Fl-score (F1) va Average
Precision (AP).

,_ TP L TP,
=7p+fp’ “TP+rn (67
_ 2xP xR |
F1— score :W e (8)
MAP@0.5 = APyyy_os % )

0.95

1
mAP@05: 095 = — D APt (10)
t=0.5

Véi TP, FP, FN lan luot 1a sb bbox
du doan trung khép v6i nhin thuc té
(IoU = 0.5), s6 du doan duong sai va s6 6
ga thue té bi bo sot. AP duoc tinh bang dién
tich dudi duong cong Precision-Recall.

2) Chi s6 chi phi tinh toan va ning lwong

Giga Floating-Point  Operations

(GFLOPs) do s6 phép tinh diu phay
dong can cho mot forward pass véi dau
vao 640x640, do béng thu vién THOP &
precision FP32. Frames Per Second (FPS)

3050, do qua 100 lan warm-up va 1.000
lan suy luan, FPS = 1.000 / avg_time ms.
Cong sut tiéu thu trung binh (W) dugc do
qua nvidia-smi trong qua trinh suy luan, lay
trung binh cdc mau cdch nhau mot gidy.
III. Két qua va danh gia
3.1. Thiét lgp thwe nghi¢m

Toan bo qué trinh huan luyén va danh
gid md hinh dugc trién khai trén céu hinh
Intel Core 17-12700 va NVIDIA GeForce
RTX 3050 (6 GB VRAM). Qua trinh tbi
uu st dung bo téi vu AdamW két hop
lich hoc Cosine, voi toc dd hoc ban dau
Iry = 0.001 va t6i thiéu Iryy, = 1 x 1075,
trong d6 warmup dugc ap dung trong 3
epoch dau dé 4n dinh qua trinh hoi tu.
Ngoai ra, weight decay = 5 x 10™%, batch
size 16, sd epoch huin luyén 1a 100 va
toan bo mo hinh dugc huin luyén tu dau,
khong sir dung trong sé tién hudn luyén.
Tang cuong dir liéu gdm mosaic (0.70),
mixup (0.10), flip ngang (0.5), jitter mau
(hsv: 0.015/0.75/0.45) va bién d6i hinh
hoc nhe (degrees = 3°, scale = 0.65); cac
tham sd b sung gém close mosaic = 4,
multi_scale = False, translate = 0,02, shear
= 0,0, perspective = 0,0, box = 7,5, cls =
0,5, dfi = 1,5, val = True, plots = False,
save period = -1 va patience = 10, nham
can bang gitra hiéu qua hoc, do 6n dinh va
kha ning tong quat hoa ctia mo hinh.
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Hinh 8. Puong cong loss va mAP trén tdp hudn luyén/kiém thir qua 100 epoch

voi batch size 16



Mo hinh cho thdy xu huéng hoi tu 3.2. So sdnh cdc bién thé ciia
on dinh, khong co diu hiéu overfitting: YOLOvi2
loss train va validation giam ddng déu, Két qua danh gia trén tap kiém thir
trong khi mAP@0.5 trén tap kiém tra lién cho thay mo hinh YOLOvVI2-SA-EVC

dat Precision = 84.23%, Recall = 74.97%,

tuc cai thién va 6n dinh tir khoa h
40 Gat Hngh va on dinhl T knoang epoc F1 = 79.33%, mAP@0.5 = 82.36% va

70 tr6 di. mAP@0.5:0.95 = 60.32%. Két qua tong
hop tai Bang 3.
Bdng 3. So sanh hiéu sudt bién thé YOLOvI?2 trén tdp kiém thir
M&b hinh P(%) | R(%) | F1(%) | mAP@0.5 (%) | mAP@0.5:0.95 (%)

YOLOvI2 78.21 67.65 72.55 76.08 55.12
YOLOvI12-SA 81.06 | 72.82 | 77.61 80.51 58.07
YOLOvVI2-EVC 80.82 | 69.84 73.94 79.82 56.81
YOLOvVI2-SA-EVC 84.23 74.97 79.33 82.36 60.32

So v6i YOLOvVI2 gbc (76,08% EVC mang lai mic ting 2.54%, cho thiy
mAP@0.5), viéc b6 sung riéng module hai module c6 tinh b trg 1an nhau thay vi

SA gilp ting 4.43%, trong khi bo sung
rieng EVCBIlock gitp tang 3.74%. Khi két
hop dong thoi ca hai module, YOLOv12-
SA-EVC dat 82.36% mAP@0.5, tuong
g ting 6.28% so v&i mo hinh gbe. Xét

dong gop theo cach cong tuyén tinh. Tur két
qua nhan di¢n thuc té, kha nang nhan dién
trong diéu kién phirc tap cia YOLOv12-
SA-EVC vuot troi rd rét so véi mo hinh

hiéu tmg bé sung, viéc thém EVCBlock gbc. Mo hinh dé xuat phat hién tot hon céc

vao YOLOVI2-SA tiép tuc cai thién truong hop 6 ga ngép nudc, bi bong ram
1.85%, trong khi thém SA vao YOLOv12- che khuat va 6 ga kich thudc nho.

YOLOvV12-SA-EVC YOLOv12 Gée

i H 1 b g o

Hinh 9. So sanh nhdn dién thuc té gita YOLOvI2-SA-EVC va YOLOvI2 géc
3.3. Danh gia ky thudt ting cuong v6i clip_limit = 2 13 Iya chon ti wu. Khi
Pé dinh lugng dong gop cua ky clip_limit qua cao, viéc khuéch dai nhiéu
thuat ting cuong twong phan CLAHE, cyc bd & cac ving phuc tap (bé mat udt,
nhom thyc hién 3 cdu hinh clip limit bong ram) gdy kho khan trong viéc phan

trén kién trac dé xuat. Két qua cho thay doén va lam gidm hiéu suat.
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Bang 4. So sanh ky thuat tang cwong CLAHE voi clip_limit khac nhau

g::;‘;“lly‘ P(%) | R(%) | F1(%) | mAP@0.5 (%) | mAP@0.5:0.95 (%)
Khong CLAHE 82.41 | 71.83 | 76.76 78.90 5821
CLAHE clip limit =2 8423 | 7497 | 7933 82.36 60.32
CLAHE clip_limit =4 83.65 | 73.54 | 7837 80.71 52.93

3.4. So sanh véi mot sé kién tric
nhdn dién khac

Dé danh gia tinh canh tranh cia mo
hinh d& xu4t nhom tién hanh so sanh véi ba
kién trac dai dién: ResNet50 Faster R-CNN,
Vision Transformer ViT-B/16, va Swin
Transformer, tit ca dugc trién khai trong
cung diéu kién dir liéu, cung kich thudc

anh dau vao, cung s epoch va cing tiéu
chi danh gia. Tat ca detection head déu
dugc khdi tao va huan luyén trén tap dir
lidu 6 ga, trong khi cac tham s6 huan luyén
khac nhu optimizer, learning rate, batch
size, warmup, augmentation va sd epoch
duogc gilt nguyén véi mo hinh dé xuat dé
dam bdo tinh khach quan cta phép so sanh.

Badng 5. So sanh voi mét so kién tric nhan dién khac

Mb hinh P (%) |R (%) ]| F1 (%) | mAP@0.5 (%) | GFLOPs | Cong suit (W) | FPS
ResNet50 Faster R-CNN | 78.53 | 68.45 | 73.14 76.81 180.4 145 130.3
ViT-B/16 85.47 | 78.14 | 81.64 83.36 337.6 245 89.1
Swin Transformer 88.04 | 80.47 | 84.09 84.17 354.2 265 84.8
YOLOVI2-SA-EVC | 84.23 | 74.97 | 79.33 82.36 112.8 82 122.4

C6 thé thdy Swin Transformer dat
mAP@0.5 cao nhét (84.17%) nhung doi
hoi toi 354.2 GFLOPs va cong suat 265W
- cao gip khoang 3% so v6i YOLOv12-SA-
EVC. Tuong ty. ViT-B/16 dat mAP@0.5 =
83.36% nhung tiéu tén 337.6 GFLOPs va
245W. Trong khi d6. YOLOv12-SA-EVC
chi v6i 112.8 GFLOPs va 82W van dat
mAP@0.5 = 82.36%. chi kém Swin 1.81%
va vuot qua ResNet50 Faster R-CNN ca
vé do chinh xac 14n chi phi (giam 37.5%

GFLOPs. giam 43.4% cong suét). M hinh
dé xuét dat su can b?mg tdt gitta d§ chinh
xac va chi phi tinh toan dac biét phu hop
v6i cac nén tang nhung tai nguyén han ché.

3.5. So sanh véi mét sé bién thé YOLO

Dé danh gia vi tri cia YOLOv12-
SA-EVC trong ho YOLO, nhém nghién
ctru thuc hién so sanh véi cac phién ban
YOLOvS5n. YOLOvS8n. YOLOv1In. Két
qua tong hop tai Bang 6.

Bang 6. So sanh mét sé bién thé YOLO

Mb hinh P (%) |R (%) | F1 (%) | mAP@0.5 (%)| GFLOPs | Cong suit TB (W)| FPS
YOLOVv5n 76.80 | 67.90 | 72.08 74.50 66.50 40 106.32
YOLOvS8n 79.70 | 70.60 | 74.87 77.20 78.60 45 113.61
YOLOvI1n 80.10 | 73.40 | 76.9 78.41 80.50 43 114.23
YOLOVI2 7821 | 67.65| 72.55 76.08 55.12 62 118.02
YOLOVI2-SA-EVC | 84.23 | 74.97 | 79.33 82.36 112.8 82 122.43

Két qua cho thay vuot trdi hon mot
s6 bién thé nano vé do chinh xac: cai thién
+7.86% mAP@0.5 so voi YOLOvSn.
+5.16% so véi YOLOv8n va +4.95%
so v6i YOLOv11n. Panh déi 1a chi phi
tinh toan cao hon do tich hgp hai module.

Tuy nhién, muc cong suat 82W van trién
khai dugc trén cac thiét bi nhung tim trung
nhu NVIDIA Jetson Xavier NX. Tuy thudc
vao yéu ciu can chinh xac cao hay tiét kiém
tai nguyén nguoi dung cé thé lua chon
gitra m6 hinh phu hop.



IV. Két luan

Nghién ctru ndy dé xuat mo hinh
YOLOvI12-SA-EVC - phat hién 6 ga
tu dong theo thoi gian thuc véi két qua
thuc nghiém trén bo dir liéu 19.267 anh
tong hop tr RDD2020, RDD2022 va
Roboflow cho thdy mé hinh dé xuat dat
mAP@0.5 = 82.36%, cai thién 6.28%
so voi YOLOVI2 gbc va cao hon so véi
mot s6 bién thé YOLO Nano (YOLOv5n,
YOLOv8n, YOLOvIln). So véi kién
traic ResNet50, ViT-B/16 va Swin
Transformer, mé hinh dé xuit dat do
chinh xac tuong duong trong khi giam
66-68% chi phi tinh toan va 67-69% muc
tiéu thu nang lugng, dong thoi duy tri te
do suy luan 122 FPS trén GPU NVIDIA
RTX 3050, mo hinh c6 thé trién khai truc
tiép trén camera hanh trinh, thiét bi giam
sat duong bo hoac xe tudn tra, cung cép
canh bao tirc thoi va dit lidu dinh vi 6
ga dé 1ap ké hoach bao tri chi dong - tir
d6 gop phan giam thiéu nguy co tai nan
giao thong do hu hong mat duong gay ra.
Hudng phat trién tiép theo s& tap trung
vao: (i) thu thap thém dir licu dia phuong
dé nang cao kha ning khai quat hoa cho
diéu kién dudng bo Viét Nam; (ii) toi wu
hoa md hinh cho trién khai trén thiét bi
nhung.
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YOLOV12-SA-EVC: A ROAD POTHOLE DETECTION
MODEL FOR ROAD SURFACE INSPECTION

Duong Thang Long!, Vu Xuan Hanh!, Bui Anh Tuan', Tran Thanh Tung!

Abstract: Road surface deterioration, particularly potholes, poses a significant threat
to traffic safety and causes substantial economic losses in many countries. Conventional
road inspection methods are costly, subjective, and inefficient, whereas existing automated
approaches still struggle under challenging real-world conditions, including shadows,
water puddles, low-light environments, and small-sized potholes. This study proposes an
enhanced YOLOvI2 architecture by integrating the self-attention (SA) module to capture
comprehensive contextual dependencies and the Enhanced Visual Center Block (EVCBlock)
to emphasize discriminative features at the pothole center while suppressing peripheral noise.
The proposed model was trained and evaluated on a combined dataset of 19,267 images
collected from RDD2020, RDD2022, and Roboflow. Experimental results demonstrate that
the proposed model achieves a Precision of 84.23%, Recall of 74.97%, F1-score of 79.33%,
and mAP@0.5 of 82.36%, outperforming the baseline YOLOvI2 by 6.28 percentage points
in mAP@0.5 and surpassing several lightweight YOLO variants, including YOLOvSn,
YOLOv8n, and YOLOvIIn. Compared with ResNet50, Vision Transformer (ViT), and Swin
Transformer, the proposed model achieves comparable detection accuracy while reducing
computational cost by 66-68% and energy consumption by 67-69%, maintaining a real-time
inference speed of 122 FPS on an NVIDIA RTX 3050 GPU.

Keywords: pothole detection, YOLOvI2, self-attention, EVCBlock, computer vision, road

surface damage, deep learning
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