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Tém tit

Cdc hu hong trén mat dwong b (6 ga, 6 trdu, cdc
vét nirt, hong - tiéng Anh goi chung la potholes) la
mot trong cdc nguyén nhan chii yéu gay ra tai nan
giao théng, thiét hai déi véi con dwong va cdc
phuwong tién giao thong. Viéc phat hién kip thoi va
chinh xdc dé tir d6 ¢é cde bién phdp tu sira, ndng
cap cdc hie hong nay sé gop phan giam tai nan
giao théng va thiét hai doi voi hé thong dong bé
va phwong tién giao thong. Diéu nay ciing giip
cde nha quan 1y ldp ké hoach bdo dudng, bdo tri
dwong hé hop Iy va t6i wu hon. Tuy nhién, viéc
phat hién cac hw hong trén mat duwong bo mot
cdch thii cong la mot cong viéc nham chéan, mat
thoi gian va khong phai luc nao ciing kha thi, kip
thoi. Trong bai bdo nay, nhém tac gia dé xudt mot
gidi phap cho bai toan phat hién hu hong trén mat
dwong bg bang cach dp dung mé hinh mang hoc
sau YOLOvVS trén dwr lieu video thu dwoc tir
camera gidm sdt ciia con dwong can danh gida. Két
quda hudn luyén trén mét tdp dir liéu hinh anh gom
19074 danh cho thdy hé thong dé xudt c6 dé chinh
xdc hudn luyén tét (d6 chinh xdc trung binh -
mean Average Precision mAP@0.5 la 87,5% voi
mé hinh YOLOVSx sau 200 epoch hudn luyén). Két
qua thire nghiém khi sir dung mé hinh da hudn
luyén voi dir liu mat dwong thu thdp tir thuc té
ciing cho thdy cdch tiép cin sir dung mang
YOLOVvS cho dé chinh xdc cao va co kha nang dp
dung trong thuec té.

Tw khéa: Phat hién hu hong trén mat duong bg,
YOLOVS, pothole detection.

Abstract

Damages on roads (small holes, large holes, and
cracks etc. - potholes in general) are one of the
main cause to traffic accidents, disaters and
vehices’ devastations. Timely and accurate
detection of these potholes and then rvepair them
will help to reduce accidents and damages to
roads and vehicles together. This also provides

good supports for managers to plan road
maintenance and repair more appropriately and
optimally. However, manually detecting and
measuring road surface damage is a tedious, time-
consuming task that is not always feasible and
timely. In this article, we propose a solution to the
problem of detecting damage on road surfaces
(potholes) by applying the YOLOVS deep learning
network model on video data obtained from
surveillance cameras. Training results on an
image dataset of 19074 images show that the
proposed system has good training accuracy
(mAP@0.5 is 87.5% with the YOLOvS8x model
after 200 training epochs). Experimental results
of the trained model upon real-life road videos
also show that the approach using the YOLOVS
network has high accuracy and is applicable in
practice.

Keywords: Road damage detection, YOLOVS,
pothole detection.

1. Mé dau

Céc hu hong trén mat dudong bo (potholes) co thé
1a hau qua cua viéc thi cong kém chat luong, anh
huéng cua thoi tiét (mwa), sy phé hoai hodc don gian
la hdu qua cia mét qua trinh sir dung l1au dai ma khong
c6 sy stra chira bao tri mat duong. Viée stra chita cac
hu hong nay 1a mot nhiém vu cép thiét d6i véi cac co
quan quan 1y va bao tri dudng bd dé c6 thé giam sy hu
hong cta cac con duong, giam tai nan giao thong va
cac thiét hai co thé xay ra ddi véi cac phuong tién
tham gia giao thong. Dé c6 thé xay dung cac ké hoach
sira chita, bao tri va nang cép chit lwong mit duong
mot cach hop 1y va t6i wu cac ngudn luc sir dung thi
viéc phat hién chinh xac cac hu hong trén méat duong
12 mot bai toan can phai giai quyét mot cach chinh xac
va hiéu qua. Cach tiép can thi cong sir dung con ngudi
di chuyén va quan sat bang mét thuong 13 mot qué
trinh ton thoi gian, ton kém nhan lyc va khong phai
luén kha thi va co thé gay nguy hiém cho nhéan luc
thuc hign. Cong viéc quan st tha cong nay khong thé
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dap ung yéu cau phat hién kip thoi va nhanh chong
cac hu hong trén mot con duong dé co quan quan 1y
¢6 thé dua ra cac quyét dinh va ké hoach kip thoi. Do
d6 bai toan phat hién hu hong trén mat duong bo can
nhing cach tiép can tu dong sir dung cac giai phap
Cong nghé Thong tin hién dai.

Dé giai quyét bai toan phat hién hu hong trén mat
duong b & An d6, Dharneeshkar .J va cac cong su [1]
da sir dung mo hinh YOLOv3-tiny [2] huan luyén trén
1500 anh va dat dugc d6 chinh xac kha khiém tén
(mAP@0.5 1a 49,71%). M6 hinh YOLOv4 [3] voéi
kién triic Darknet da dugc sir dung trong [4] va dat
dugc do chinh xac mAP@0.5 1a 81,82%. Tuy nhién
s6 anh hudn luyén con han ché (1087 anh). YOLOv3
cling 1a mot cach tiép can dugc Rohitaa R. va cac cong
su ap dung trong [5] va dat duoc tbc do real-time
(40ms/1 frame). Phién ban tiép theo ctia cach tiép can
YOLO 1a YOLOVS [6] tiép tuc duoc ap dung va ciing
¢6 két qua kha t6t (mAP@0.50 = 90% va FPS = 31,76)
[7]. Mot cach tiép can khéac 1a sir dung cac phuong
phép phan 16p hinh anh (m6 hinh VGG19 [8]) da dugc
cac tac gid st dung trong [9] trén 1157 anh chup vé
tinh va dat dugc do chinh xac khoang 96%. Srikanth
H. va cac cong sy ap dung mo hinh YOLOVS trén
khoang 1100 anh huén luyén va dat dugc d6 chinh xac
khoang 86,4%. C6 thé thay diém chung ciia mot so
cach tiép can da duoc dé cap ¢ trén 1a sir dung cac mo
hinh phat hién ddi tugng (cht yéu 13 ho cac mo hinh
YOLO) va cac mang phan 16p hoc sau trén cac tap co
s& dit liéu hinh anh con kha han ché (nhiéu nhét 1a
1500 anh). biéu nay dan téi do chinh xac dat dugc con
chua thyce sy tin cay.

Gan déy, phién ban tiép theo cia ciac méd hinh
YOLO 1la YOLOvS [10] da dugc dua ra va dat dugc
dd chinh xéac va tdc do thuc hién cao hon so véi cac
md hinh YOLO trude d6. Trong bai bao nay, chiing toi
dé xuét ap dung mé hinh phat hién ddi tuong YOLOVS
trén tap dir liéu hinh anh c6 s6 lugng anh 16n, két hop
v6i cac ky thuat ting cudng dir liéu hinh anh dé giai
quyét bai toan phat hién cac hu hong trén mat duong
bo. B cuc cua bai bao nay s€ dugc td chie nhu sau:
phan 2 s& trinh bay vé mo hinh kién tric ctia mang
YOLOVS, phan 3 1a 4p dung md hinh YOLOvS dé
huén luyén mo hinh phat hién hu hong trén mit duong
b va phan cudi cing 1a Két luan.

2. Mang YOLOVS

Ké tir phién ban dau tién [11], cac phién ban méi
clia m6 hinh YOLO (tén goi YOLO xuat phét tir cac
chit cai dau cua cum tor You Only Look Once, tam
dich 1a ban chi nhin 1 1an), mot mé hinh phat hién déi

tuong béng 1 md hinh mang hoc sau duy nhét, da lién
tuc dugc dua ra va ngay cang ¢6 do chinh xac cao hon,
tbc d6 nhanh hon. Cac phién ban sau déu ké thira kién
tric ctia phién ban trudc va bd sung thém cac cai tién
vé mit thuat toan va kién tric. Kién tric cia md hinh
mang YOLOVS (xem chi tiét trong hinh vé tai dia chi
https://github.com/ultralytics/ultralytics/issues/189)
cling duoc xay dung theo nguyén 1y dé va chu yéu
dya trén mo6 hinh YOLOVS [6]. YOLOVS st dung
mdt m6 hinh mang CNNs (Convolutional Neural
Networks) [12] don duoc chia thanh hai phan: Phan
xuong sdng (backbone) va phan dau (head). Phan
xuong sdng ciia YOLOVS 1a mot phién ban stra ddi
cua kién tric CPSDarknet53 ¢6 53 16p nhan chap va
céc két ndi mot phan giita cac 16p dé cai thién ludng
thong tin truyén giita cac 16p khac nhau. Phan dau
ciia mang YOLOVS bao gdm mot loat cac 16p nhan
chép va cudi cung 1a mot loat cac 16p két ndi day du
¢6 nhiém vu du doan cac bounding boxes, dd tin cdy
cua céc dbi tuong va 16p ma nd can du doan. Mot
dac trung quan trong khac ciia mé hinh YOLOvVS 1a
sir dung co ché phat hién ddi twong multi-scale bang
cach ap dung mot mang dic trung kiéu kim ty thap
cho phép n6 phat hién cac d6i tugng co kich thudc
va ti I¢ khac nhau trong mét btrc anh.

So véi phién ban YOLOvV5, YOLOVS ¢6 3 diém
khac biét 16n la: Co ché phat hién khéng phu thudc
vao cac diém neo (anchor free detection), cac phép
nhén chap méi, co ché ding k§ thuat ting cudng dit
liéu. Chung ta s& lam rd cic diém mdi méi nay &
dudi day.

Co ché phat hién doi twong khong phu thudc
cac diém neo: Co ché nay cho phép YOLOVS c6 thé
thuc hién cac du doan vé cac diém trung tdm cua cac
bounding boxes thay vi cac gia tri khoang cach
(offset) tir mot diém neo nhu cac phién ban YOLO
trude day. Co ché nay s& giam s lugng du doan, ting
tdc qua trinh loai bo cac du doan sai va giam dang ké
thoi gian tinh toan cho ca moé hinh.

Phép nhin chap méi: Khbi nhan chap dau tién
6x6 dugc thay bang phép nhan chap co nhan 3x3 va
khdi nhéan chap chinh C3 dugc thay bang khéi C2f
(xem chi tiét trong Hinh 1). Khdi c6 tén 1a C6 chai
(Bottleneck) trong Hinh 1 hoan toan giéng voi
YOLOvVS5 nhung kich thudc cua nhan cua phép nhan
chap di d6i tir 1x1 thanh 3x3. O phan ¢6 (neck) nam
giita phan xuong séng va dau, cac dic trung dugc
ghép lai véi nhau mot cach truc tiép ma khong can qua
budc chuén hoa dé cung sb chiéu dé giam kich thude
tham s6 can thiét.
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Hinh 1. Phép nhdan chdp mdi ciia YOLOvS

Co ché dirng ky thuit ting cwong dir liéu: Doi
v6i YOLOVS, viéc huan luyén mang ciing 1a mot yéu
t6 quan trong. Qua trinh huan luyén ctia YOLOVS 4p
dung cac thuat toan tang cuong dit liéu mot cach linh
hoat, c6 diéu chinh va thay dbi trong cac epoch huén
luyén lién tiép ctia mot 1an hudn luyén va mot trong
cac k¥ thuat hiéu qua 1a ting cudng dit liéu kiéu kham
anh (mosaic augmentation): Ghép cac anh véi nhau dé
md hinh phai hoc viéc dy doan cac vi tri mai cla cac
dbi tugng trong buc anh ghép. V&i phién ban
YOLOVS, khoang 10 epoch cudi s& khong ding ap

Hinh 2. Anh huw héng trén mdt dwong b trong tip hudn luyén
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dung k¥ thuat nay dé tranh suy thoai vé& do chinh xac.
Do chinh xac ctia mé hinh YOLOVS: Theo tai liéu

chinh thirc dugc dua ra [10] thi YOLOvVS chinh xac hon

va nhanh hon tit ca cac mé hinh da cong b trudc do.

3. Ap dung YOLOVS cho bai toan phat hién
hw héng trén mit dwong b

Nhiam muc dich xiy dung mét ing dung ¢ kha
nang phat hién chinh xac va nhanh chéng cac hu hong
trén mat duong b, cac tac gia da lya chon md hinh
YOLOVS vi ddy la mdt m6 hinh mang méi, c6 do
chinh xac cao trong phat hién ddi tugng va co tdc do
nhanh so véi cac mo hinh phat hién dbi tugng khac.

Pé xay dung md hinh phat hién hu hong trén mat
duong bo, chiing t61 da khao sat, danh gia, phan tich va
lwa chon mét tap dit liéu cong cong gdm hinh anh cac
hu hong trén mat dudng bo co6 ) luong anh 16n, cu thé
tap huin luyén  gom 6359 anh
(https://www.kaggle.com/datasets/mersico/road-
damage-tracking-dataset-rdtd-v10/data), tdp validation
gdm 871 anh c6 do phén giai 1280x1280 (xem chi tiét
trong Hinh 2). Tap dit liéu nay la cac hinh anh duong
bd va hu hong trén mat dudng cua cac nude An Do,
Nhat Béan, Trung Quobc,... dugce céc tac gia cua no6 thu
thap tir Internet va danh nhan. Cac hinh anh sau khi ap
dung cac ky thuat ting cuong dit liéu thi tong s6 anh
huén luyén 1a 19074 anh. Cac thuat toan xir Iy anh khac
nhau da dugc ap dung d8 tao ra cac anh m&i nhim ting
d6 chinh xac ctia md hinh huan luyén bao gdm: Ghép
anh, tao nhiéu mudi tiéu, xoay ngang, xoay anh ngiu
nhién theo céc goc trong khoang -15 dén +15 d9, chinh
d6 sang trong khoang tir -25 dén +25 phan trim, lam

mo bang bd loc Gaussian.
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Bing 1. Két qud hudn luyén mé hinh YOLOvS phat hign hw héng trén mdt dwong by

TT S Dj chinh xac trén tip huin luyén (%) P chinh xac trén tip validation (%)
mAP@0.50 mAP@0.50-0.95 mAP@0.50 mAP@0.5-0.95
1 YOLOvS8n 82.9 52.5 70.9 36.2
2 YOLOvS8s 85.9 58.1 80.4 42.8
3 YOLOv8m 87.4 60.6 81.7 44.8
4 YOLOvSI 87.4 61.6 82.1 454
5 YOLOvS8x 87.5 62.4 82.7 46.6

Hinh 3. Két qud phat hién hw hong trén mdt dwong b véi div li¢u test thuwe té

YOLOVS 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 vé d6 phc tap (sb tham
s0), kich thuéc mé hinh, d6 chinh xac va thoi gian
thuc hién trong d6 m6 hinh Nano 1a don gidn nhat, co
kich thudc nho nhét, do chinh xéac thip nhat, téc do
thuc hién nhanh nhat con mo hinh Extra Large phtic
tap nhét, kich thude 16n nhit, 4 chinh x4c cao nhét
va thoi gian thyc hién 1au nhét. Trong bai béo nay, dé
dam bao cac két qua huin luyén ¢ do tin cay va cac
md hinh sau huén luyén c6 d6 chinh xac cao ching t6i
da thyc hién huén luyén ca 5 mé hinh trén mot may
tram cai dat thu vién Pytorch 2.2.1 v&i phién ban
CUDA 11.8 dugc trang bi 1 card GPU RTX 3060 12
GB RAM véi kich thudc anh huan luyén 1a 640x640
v6i 200 epochs. Két qua hudn luyén dugc thé hién
trong Bang 1 cho thay cach tiép can st dung mang
YOLOVS la diing dén va hiéu qua khi két qua do chinh
x4dc mAP@0.5 cua ca 5 phién ban YOLOvS déu kha
cao: Thip nhét 1a 82,9% v6i mé hinh YOLOvSn va
cao nhat 12 87,5% véi md hinh YOLOvSx. Céc két qua
nay dbi voi gia tri danh gia mAP@0.5-0.95 trén tap

huén luyén cling rat hira hen khi dat dugc 52,5% véi
mé hinh Nano va ting dan t6i 62,4% véi md hinh
Extra Large. Tuy nhién trén tap Validation thi d¢ chinh
xac nay ciing bi suy giam dang ké: Chi con tir 70,9%
dén 82,7% v6i mAP@0.5 va twong tng 1a 36,2% toi
46,6% voi mAP@0.5-0.95.

Dé kiém thir m6 hinh da huén luyén, chung t6i da
thu thap 5 video test tir thuc t& tir Internet va qua
camera giam sat hanh trinh ctia 1 xe 6 to va két qua
cho thdy cac mo hinh da phat hién tuong ddi tét cac
hu héng trén mat duong bd cua cac video nay (xem
chi tiét trong Hinh 3). Toc d6 phat hién ciing dap tng
kha niang trién khai thuc té khi dat t6i 71,35 frame anh
trong 1 gidy (m6 hinh Small) trén 1 laptop c6 trang bi
card RTX 3070 (xem chi tiét trong Hinh 3). Nhom tac
gia cling d4 chuyén dinh dang ctia mo hinh huén luyén
tur dinh dang file cua thu vién Pytorch sang dinh dang
d8 trién khai thuc té 12 TensorRT va tht nghiém va dat
dugc toc d6 1én dén 110 frame anh trong 1 gidy. Didu
nay cho thiy kha nang mg dung vao thuc té ciia cach
tiép can nay 1a hoan toan kha thi vé mat toc do.
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4. Két luan

Dé giai quyét bai toan phat hién hu hong trén mit
dudng b, trong bai bao nay chiing toi da dé xuét ap
dung mo6 hinh mang hoc sdu YOLOVS. Céc phién ban
khac nhau cia YOLOVS8 da dugc huén luyén trén mot
tap dir liéu hinh anh cung véi cac k¥ thuét ting cudng
dir liéu. Két qua huan luyén va thir nghiém trén dir liéu
thuc té (46 chinh xac va téc do) cho thay hudng tiép
can st dung YOLOVS cho bai toan phat hién hu hong
trén mat dudng bo 1a mot hudng tiép can dung dan va
¢6 thé dua vao ap dung trén thyc té. Theo thong tin
khao st cia nhom tac gia, day 1a mot trong s bai bao
dau tién ¢ Viét Nam giai quyét bai toan phat hién hu
hong trén mat dudng bd theo cach tiép can nay. Bén
canh d6, cac két qua trong bai bao ciing da duoc thir
nghiém véi 1 tap dir li¢u kha 16n (so vdi cac cong trinh
da dé& cap trong phan du cua bai bao) va thir nghiém
voi dit liéu thuc té, mo hinh sau khi huén luyén cling
dd duoc chuyén thanh dinh dang dé co thé trién khai
thuc té véi d6 chinh xac kha cao va téc do theo thoi
gian thuc. Tuong lai chiing t6i s€ hudng téi viéc thu
thap thém dit liéu thyc t& dé huin luyén, thir nghiém
va trién khai trén cac thiét bi bién dé nang cao do
chinh xac trong viéc nhan dang va hudng téi ung dung
vao cudc song.
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