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TOM TAT

Nghién ciru dé xudt mot vmg dung Android c6 kha ndng phat hién huw
hong dwong bo theo thoi gian thue. Nhém nghién ciru di hudn luyén va so
sanh hai mé hinh phdt hién doi twong la Faster R-CNN va YOLOvI2m trén
tdp dir lieu RDD2022 gom hon 47000 dnh. Két qua cho thiy mdc di
YOLOvI2m co do chinh xdc thd'p hon mot chut so voi Faster R-CNN
(MAP:50 = 65% so vii 66,5%), nhung téc dg xir Iy nhanh hon dang ké (77
ms/anh so voi 104 ms/anh) giiip no tro thanh hya chon phit hop hon cho cac
ung dung thoi gian thuc. H¢ thong tich hop mé hinh YOLOvI2m dt tai -may
chii, két noi voi img dung Android thong qua WebSocket, cho phép hién thi
két qud nhén dang truc tlep trén giao dién nguoi dung. Gidi phdp ndy phi
hop dé img dung trong cdc hé thong gidm sdt ha tang giao thong theo thoi
gian thue. Nghién ciru cung cdp mét gidi phdp khd thi cho viée tw dong héa
gidm sdt ha tang giao thong, givp giam phu thudc vdo cdc phirong phdp thii
cong. Vé mat khoa hoc, nghién ciru da thir nghiém va déanh gid hiéu néing
cua mé hinh YOLOvI2m khi so sanh voi Faster R-CNN lam noi bt hiéu
nang lrong linh viee phat hién thot gian thuc va co thé tao tién dé cho nhung
nghién citu tiép theo trong linh viee thi gidc mdy tinh, phdt hién doi twong néi
chung va trong linh vuc phat hién hw hong duong bé thoi gian thuc noi
riéng.

1. PAT VAN PE

kién trac R-ELAN (Residual Efficient Layer

Hu hong trén duong bd thuong la mdt
trong nhimg nguyén nhan gdy mét an toan
giao thong. Phuong phap kiém tra hién nay
chu yéu van dua trén quan sat truc tiép vira
tén thoi gian, vira thiéu chinh xac dan dén han
ché vé pham vi va tinh kip thoi.

Nhing nim gan ddy, cac mé hinh hoc sau
nhu Faster R-CNN [1], YOLOvS [2], SSD
[3], YOLOvI11 [4],[5] da dugc tng dung hi¢u
qua trong phat hién d6i twong trén dit liéu anh
va video v6i do chinh xéc cao. Tuy nhién, da
s6 cac nghién ctru van chua giai quyét duoc
bai toan xur 1y thoi gian thyc hodc trién khai
trén thiét bi di dong.

YOLOVI12, phién ban méi dugc phat trién
voi nhiéu cai tién vé d¢ chinh xac va téc do,
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Aggregation  Network), Area  Attention,
FlashAttention [6],[7], dugc ky vong phu hop
hon cho cac ing dung thoi gian thyc.

Tir @6, nhom nghién ctru da dé& xuat mo
hinh YOLOvI2m (bién thé kich thudc cua
YOLOV12) va so séanh hi¢u qua véi mo hinh
Faster R-CNN nhiam c6 duoc két qua khach
quan ca vé d6 chinh xéc 1an téc do dé dua ra
Iira chon giai phéap t6i wu cho trién khai thuc té.

2.COSO LY THUYET

2.1. YOLOv12

YOLOV12 dugc phat hanh vao 18/02/2025
boi cac nha nghién ctru tr Pai hoc Buffalo
(SUNY) va Pai hoc Trung Qudc (UCAS).

Kién tric cua tong thé cia YOLOVI2 van
duoc chia thanh ba thanh phan chinh gdm:
xwong song (backbone); c6 (neck); va dau
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(head) [6], nhung d3 duoc nang cip véi nhidu
diém méi nham cai thién hi¢u sudt va do
chinh xéc.

Cing nhu cac phién ban trudc d6 nhu
YOLOv10 [8], YOLOvIl [4]. YOLOvI2
ciing dwoc phat trién voi nhiéu phién ban bién
thé kich thudc khac nhau la n, s, m, 1, x.

Diém ndi bat cia YOLOvI2 1a thay thé
kién triic ELAN bang R-ELAN trong ca xwong
séng va co, kién trac két hop céac 16p tich chap
sdu voi cac két ndi du (residual connection) -
mot k§ thuat cho phép tin hiéu dau vao cua
mot 16p mang no-ron duogc truyén truc tiép
dén dau ra, bo qua mot hodc nhiéu 16p trung
gian [6], ting kha ning truyén thong tin va
gradient giita cac ting khi mé hinh hoc séu.
Pau ra dugc tinh bang cach cong dau vao véi
phan ddu ra cua cac 16p chuyén doi, tr do
nang cao kha nang cia mo hinh trong viéc
nam bat cac chi tiét d6i twong phirc tap véi
nhiéu kich thuéc va hinh dang khac nhau [6].

Bén canh d6, YOLOVI2 tich hop co ché
Area Attention [6] - mot cai tién so voi co ché
chu y cua céc phién ban YOLO trudc day, cho
phép md hinh khong chi tép trung vao ting
diém anh riéng 1¢ ma con xét dén ca vung lan
can. Piéu nay gitp md hinh nhan dién t6t hon
cac vat thé nho, mo hodc c6 bién khong 16 rang
[6]. Di kém v6i do 1a FlashAttention [7], mot
thudt toan t6i uu hoa phat hién trén GPU giup
tang toc do tinh toan va giam tiéu thu bo nhd,
dam bao hi€u qua suy ludn thoi gian thyc [7].

O tang dau, YOLOVI12 loai bd hoan toan
hép neo (anchor box) va chuyén sang kién
trac khong sir dung hop tham chiéu, cho phép
mo hinh du doan truc tiép vi tri va kich thudce
vat thé tai mdi 6 ludi ma khong can cau hinh
trude cac hop neo [7]. Cach nay giup md hinh
don gian hon, linh hoat hon va dé thich tung
v6i nhiéu loai hinh vat thé.

YOLOvV12 dugc phét trién duwa trén kién
trac cua cac phlen ban trude do[6],[9], voi
mot s6 cai tién nham dén viéc t6i da hoa ca do
chinh x4c va hiéu qua tinh toan. C6t 1561 cia n6
la tan dung R-ELAN, Area Attention,

FlashAttention, va tich chdp roi 7x7 dé mang
lai tbe d6 xtr Iy va do chinh xac vuot troi [7].
Bing cach két hop cac thanh phan nay,
YOLOVI12 ning cao hiéu suit trong cac tac vu
phat hién ddi twong va phan ving truong hop,
dam bao kha ning xir 1y tot cac canh thi giac
phtic tap v6i mirc do chi tiét va che khuét
khéc nhau.

Trong nghién ctu nay, nhém lga chon
phién ban YOLOvI2m (medium) de can bang
t6t gitra hiéu nang, do chinh xac va toc do,
phu hop trién khai thuc té.

2.2. Faster R-CNN

Faster R-CNN 1& m6 hinh phat hién doi
tuong hai giai doan, phién ban cai tién cua
Fast R-CNN, duoc cong bd vao niam 2015 bai
t6 chirc Microsoft Research, gdm cac thanh
phan chinh: xwong séng, RPN (Region
Proposal Network), gép viing dé xudt (Region
of Interest Pooling - ROI Pooling), Fast R-
CNN head [1].

Xuwrong song cua Faster R-CNN 1a mang
no-ron tich chdp (Convolutional Neural
Network) trich xuét dic trung tir anh dau vao
[10], tao ra ban d6 dit trung chira thong tin
hinh hoc quan trong. ResNet-50 véi két ndi du
gitp khic phuc hién twong mat gradient [11],
nang cao kha nang hoc sau.

RPN sinh ra cac ving dé xuit bang cach
quét cac hop neo (c6 ti 1& khung duoc ciu
hinh tir truéc) trén ban d6 dac trung, danh gia
kha niang chira d6i twong [1],[12], va hiéu
chinh hop gidi han (bounding box). RPN thay
thé cac thuat toan chon ving thu cong, gitip
tang tdc va cai thién do chinh xéc.

ROI Pooling chuan héa kich thuéc cac
ving dé xuat do RPN tao ra vé kich thudc ¢
dinh (thuong 1a 7x7) dé dua vao cac 16p két
nbi day da [12],[13], dam bao md hinh xir Iy
dong nhat, giir 1a1 cac ddc trung quan trong
ma khong 1am mat thong tin anh.

Fast R-CNN head 14 céc 16p két ndi day du
nhan dit liéu tir ROI Pooling, gdm hai nhanh:
phan loai dbi tugng va didu chinh hop gidi
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han tao ra du doan cubi cung vé loai va vi tri
db6i twong trong anh.

Faster R-CNN dat d0 chinh xac cao [14],
dic biét véi cac dbi tuong nho hodc bi che
khuét. Tuy nhién, do co hai giai doan nén toc
dd suy luan thuong cham hon so véi cac mo
hinh mot giai doan nhu YOLO [14], han ché
kha nang ing dung trong thoi gian thuec.

2.3. Dir ligu va tién xir 1y

Tap dir liéu RDD2022 gdm 47000 anh tir
6 qudc gia, gdbm 7 loai hu hong: D00 (nit
doc); D10 (nut ngang); D20 (nit mai rua);
D40 (O ga; D43 (mo vach ké duong); D44
(m¢ vach son tréng); D50 (nép céng).

Tién xir Iy cho YOLOvI2m: chuyén cic
file xml (dinh dang Pascal VOC) ban dau vé
dinh dang .txt dé YOLO c6 thé doc duoc,
chuan hoéa kich thude 640x640.

Qud trinh hudn luyén YOLOvI2m: céu
hinh gém 16 batch, 300 epoch, sit dung mo
hinh YOLOv12m di dugc hudn luyén sin cta
Ultralytics. K¥ thuat: st dung bd diéu chinh
téc do hoc, luu checkpoint dinh ky, danh gia
qua mAP (mean Average Precision).

Tién xir Iy cho Faster R-CNN: chuyén
cac file .xml vé dinh dang .json (dinh dang
COCO), chuan hoa kich thudc 600x600.

Qud trinh hudn luyén Faster R-CNN:
cAu hinh va k¥ thuat trong tu, nhung st dung
mo hinh Faster R-CNN huan luyén sin trong
torchvision (fasterrcnn_resnet50 fpn).

2.4. H¢ thong phat hi¢n thoi gian thue

Kién trac hé thong tong thé duoc minh hoa
trong Hinh 1 dudi dang ludng dit liéu giira
cac thanh phﬁn chinh:

May khach (nguoi dung - Ung dung):
Dung CameraX thu anh truc tiép tir may anh
cta thiét bj dé ldy anh, sau khi duoc xir Iy so
bd sé dugc nén WebP (gan trackld, frameld),
guri qua WebSocket [15] td1 may chu.

May chu (FastAPI - YOLOv12m): Nhan
anh tir Ung dung, xr 1y bang mé hinh
YOLOVI2m, két qua dau ra gém toa do hdp
gi61 han (bounding box), nhan 16p (class) va
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dd tin cay (confidence),... dugc tra vé dudi
dang t€p JSON.

Giao tiép: Dya trén WebSocket giup duy
tri két ndi hai chidu 6n dinh va lién tuc [15],
ddng bd hoa bang trackld, frameld dam bao
tinh nhét quan.

Nguoi |
dang
Wﬁhé’ggn@"g 4.fng dyng hién thi két
geung qua lén giao dién
1 -
Ung dung
[ camera bit | [ Hién thi
v
Quétttrich frame |
[ V& Box, class,conf
X Iy dnh | A
. Iy P, S—
| Gi¥i &nh t6i server | Nhan ket QUB_J
Web socket
2.Giri frame 3.App nhén fileJSON
qua websocket qua web socket
May cha

———— 2.1 Chay server lén déu

Nhan anh |-~ el
B T
Load model yolo

) {
Nhén dang, phat hién déi tvong P

 Trakétqua hit hign hu hd
Tra két qua JSON phat hién hu héng

(Toa dd box, class, conf)

Hinh 1. So' d6 tong quat h¢ théng ing dung
3. KET QUA NGHIEN CUU
3.1. So sanh YOLOvV12m véi Faster R-CNN

Bang 1. So sanh két qua giira
YOLOvV12m va Faster R-CNN

Tbc
Mo hinh mE?/P )5 ’ (énllj/p i y 90
0 glay (ms)
Faster
R-CNN 66,5 9 104
YOLOvVI2m 65 13 77
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Bang 2. Két qua md hinh YOLOvV12m véi cac kich ban ting cwong dir liéu

Tang cuong dir liéu

classifi
i ilé i Batch
Iﬁlac;l {1101: Cilélsosn Sizce Degrees  Translate  Scale  Shear  Fliplr  Mosaic C:;Z mAPS50(%)
(%) ® (%) CONENG) (%) (%) %)
1 - - - - - - 65
2 - 5 10 50 2 50 80 50 67
0,001 16
3 - 10 20 50 2 50 80 50 67,2
4 150 15 20 50 2 50 80 80 67,5

Két qua (Bang 1) duoc thuc hién trén
Google Colab (NVIDIA Tesla T4 15GB
RAM), cho thiy Faster R-CNN c¢6 chi sé danh
gia dinh lugng mAP50 16n hon khong nhiéu,
khi kiém thir thuc té thong qua video do nhom
nghién ciru tu quay thi toc do suy luan trung
binh cia YOLOv12m nhanh hon Faster R-
CNN khoang 27m, trong khi tbc do nhanh 13
mot trong nhimg yéu t6 quyét dinh sy muot ma
cta umg dung thoi gian thuc. Vi thé, trong bbi
canh tmg dung yéu cau xtr Iy thoi gian thyc thi
kha ning phan hoi nhanh 13 yéu 6 wu tién nén
YOLOvVI2m dugc lya chon lam mo hinh phat
hién chinh trong h¢ thong, dam bao cén bang
hop 1y giita hiéu suat va do chinh xAc.

3.2. Két quiz mé hinh YOLOvI2m véi
kich ban ting cwong dir li€u

Sau khi YOLOvI2m duoc lua chon lam
mo hinh chinh, nhém nghién ctru tién dén xay
dung kich ban vdi cac mirc tang cudng dir liéu
khac nhau (Bang 2) dé tim phuong an tot hon
tir mo hinh da chon.

O Kkich ban 1, mé hinh dugc hun luyén
khong 4p dung bt ky k¥ thuat ting cuong nao,
két qua thu dugc 12 mAP50 = 65%, phan anh
kha nang nhan di¢n han ché khi mé hinh chi
duoc huan luyén trén tap dir liéu gdc, khong
dugc 1am phong pht qua cac bién thé hinh anh.

Kich ban 2 4p dung tang cudng co ban
(degrees = 5°, translate = 10%, scale = 50%,
mosaic = 80%), mAP50 ting lén 67% cho
thdy hiéu qua ro rét cua ki thuat ting cudng
trong viéc cai thién hi¢u nang.

Kich ban 3 nang muc dd tang cuong 1én
muc trung binh (degrees = 10°, translate =
20%). M6 hinh dat mAP50 = 67,2%. Quan
trong hon, khi duogc kiém thir trén video thuc
té do nhom tu quay vdi da dang loai hu héng,
kich ban 3 cho két qua 6n dinh va chinh xéc
hon dang ké so véi cac kich ban con lai. Diéu
nay dugc minh hoa trong Hinh 2.

G

Hinh 2. Két qua phat hi¢n hw héng ciia
YOLOvV12m dwgc cat tir vid

Bang 3. Toc dd xir Iy trung binh ciia hé théng ing dung
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Bitdau Két thic

Giai doan Mo ta (ms) (ms) Thoi gian (ms)
Trich xuét Lay anh + xu 1y so bd 0 12 12
Nén Nén anh sang WebP 12 116 104
Gui anh Tao WebSocket + guri anh 116 118 2
Mo hinh suy luén 118 285 167
May chu
Céc buoc phu tro khac 285 465 180
< - A ~0 - 1 (rdt
Vé Phéan tich JSON + V¢ hop gi61 han 465 465
] , ) , nhanh)
TonAg hé Tu luc lay anh' ? dgn khi két qua 0 465 465
thong hién thi

Kich ban 4 mic du dat mAP50 = 67,5%
(cao nhat vé chi sb danh gia dinh luong),
nhung lai cho két qua kém va khong nhan
dién duoc mot sb 16p trong thuc té. Diéu nay
duogc 1y giai boi viéc ap dung dong thoi cac
tang cuong manh (degrees = 15°, copy-paste
= 80%) c6 thé dd lam mo ranh gidi gitra cac
16p nhan va classification loss & muc cao
150% khién cho mo hinh bi thién léch vao
viéc t6i uu hoa kha ning phan loai, gay nhiéu
quéa muc trong giai doan huan luyén, khién
mod hinh khé hoc duoc dac trung phan bict
giita cac loai hu hong twong dong.

Tir két qua phan tich, kich ban 3 duoc
chon lam moé hinh chinh thirc dé trién khai
vao hé théng, nho dat duoc su can bé“mg tdt
gitra d§ chinh xac, tde do suy luan, kha nang
nhan dién va d6 6n dinh khi thuc nghiém.

3.3. Ung dung Android

HO tro ché d6 chup anh, quay video, luu két
qua va chuyén dbi linh hoat giita hai ché do.

Ung dung dugc thuc nghiém trén dién
thoai Samsung galaxy AS51, hé diéu hanh
Android 13, CPU Exynos 9611 (10 nm), GPU
Mali-G72 MP3, RAM 8GB, camera sau
48MP co do tré hé théng duoc minh hoa ¢
Bang 3.

M6 hinh YOLOvVI2m dugc dat tai may
cht ¢6 cdu hinh 4GB RAM GPU NVIDIA

RTX 3050, CPU Intel Core 15-13500H, 16GB
RAM hé théng.

4. KET LUAN

Nghién ctru da phat trién thanh céng mot
hé thong phat hién hu hong dudng bd theo
thoi gian thuc, két hop gitra mé hinh
YOLOvI2m dit tai may chu va ung dung
Android. Hé théng cho phép thu nhan dir liéu
tir may anh, truyén qua WebSocket dén may
chu dé xir Iy va tra vé két qua nhan dang trong
thoi gian ngan. Cac thir nghiém cho thiy hé
théng dap tng tot yéu cau vé téc do xir Iy va
d6 chinh xac, ddm bao kha nang hoat dong o on
dinh trong diéu kién thuc té.

V& mat ung dung, hé théng duoc thiét ké
dé dé dang trién khai trén xe khao sat trang bi
thiét bi di dong gian c¢b dinh, viéc gin vi tri
GPS kém theo mdi khung cho phép dinh vi
chinh xac vi tri hu hong trén ban d6. Cac
khung hinh duogc guri dong thdi kém metadata
gé)m thoi gian, toa do0 GPS, frameld, trackld
gitip thun tién cho qué trinh theo ddi va téng
hop bao cao bao tri theo tirng doan duong.

Trong tuwong lai, hé thdng c6 thé duoc cai
tién phat trién hon thong qua mé rong tap dir
li¢u giup tang d6 chinh xac kh1 nhan dién. Téi
wu md hinh dé xir 1y truc tiép trén thiét bi
(chay m6 hinh YOLO ngay trén di¢n thoai).
Tich hgp cac chitc nang danh gia mirc d6 hu
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hong hodc lién két voi hé théng quan 1y ha
tang d€ nang cao hiéu qua tng dung.
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REALTIME ROAD DAMAGE DETECTION

ABSTRACT

A real-time road damage detection system is introduced for mobile deployment using deep learning
techniques. Two object detection models Faster R-CNN and YOLOvI2m are trained and evaluated on
the RDD2022 dataset to determine their suitability for practical application. While Faster R-CNN
achieves higher accuracy, its slower inference speed limits responsiveness. YOLOvI2m, enhanced with
architectural improvements such as R-ELAN, Area Attention, and FlashAttention, offers a better trade-
off between speed and accuracy. Based on evaluation results, YOLOvI2m is selected and integrated into
an Android system, the system integrates the YOLOvI2m model into a backend server and connects to
the Android application via WebSocket, enabling real-time display of detection results on the user

interface.

Keywords: Android App, faster R-CNN, realTime, road damage detection, YOLOvI2
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