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TOM TAT

Viéc phat hién nhanh va chinh xdc cac chudi sir cach dién bi hu hong dong mot vai tro quan
trong trong viéc dam bdo sy lam viéc on dinh va tin cqy cua luoi dién truyén tai. Trong nghién
cieu nay, nhém tde gia dé xudt phirong phdp phat hién va phan loai hwe hong cdach dién trén chudi
sw duong day truyén tai dién dua trén cac mo hinh thi giac may tinh. B dir ligu dwoc sw dung
trong nghién ciru bao gom 1600 birc danh cdc chudi sit cach dién véi 18195 doi twong duoe chia
thanh 03 loai: chudi sir hoat dong binh thuong, chudi sir bi nirt vé va chudi sir bi hw hong do sét
danh, va dwoc chia thanh 02 tdp hudn luyén va tdp kiém thir véi ti 16 80-20. Bé dir lidu duoc
hudn luyén trén 02 mé hinh thi gidc mdy tinh 1a YOLOVS va Faster R-CNN. Két qud cho thdy,
mé hinh YOLOVS ¢6 thé phat hién va phan logi duoc chudi sir bi hu hong do nut vo va sét danh
Voi g chinh xdc 1én dén 96.4%.

Tir khoa: Chudi st cach dién; Puong diy truyén tai; Thi gidc may tinh; Faster R-CNN; YOLOVS.
1. MO PAU

Hé thdng dién (HTD) Viét Nam 1a hé thong dién c6 quy mo 16n nhat trong khu vuc Dong
Nam A, va dang trong qua trinh phat trién manh mé trong nhitng ndm gin day. Theo Quy hoach
dién VIII méi dugc phé duyét, tong cong suat dat cua HTD vao nam 2030 s¢ dat 150 GW, gip
d6i so voi hién tai. Cuing véi sy phét trién ciia ngudn dién thi hé thdng truyén tai ciing ting
truéng manh m&. Trong giai doan 2021-2030 s& xay dung méi gan 50 GW tram bién ap 500 kV
va hon 12 nghin km dudng day 500 kV. Cac duong day truyén tai trén khong st dung st dé cach
dién va cb dinh duong day vé mit co khi. St cach dién duong dy thudong duoc 1am bang thity
tinh hodc gdm st treo trén dau cot ndi cua dudng day. Theo thoi gian, st cach dién duong day
tai dién trén khong trong qua trinh lam viéc c6 thé gip cac khuyét tat nhu hu hong, phong dién
bé mit do 6 nhiém, ro ri dién, tu phat né [1]. Trong cac dang hu hong nay, hu hong do nut vo st
cach dién (hinh 1) va khuyét tat bé mat chudi sir do sét danh (hinh 2) 1a hai dang hu hong pho
bién. Nguyén nhan gdy ra hu hong st cach dién co thé ké dén nhu sét danh, tic dong cua diéu
kién thoi tiét, mua da, nhiét do cao do nang noéng, an mon, do vat thé la roi vao [2]. Chudi st bi
hu hong cach dién néu khong dugce phat hién chinh xac va kip thoi ¢6 thé lam suy giam mirc
cach dién cua dudng ddy, thong thudng s& dan dén su cb phong dién, ngan mach va dudng day
s& bi cat dién, gay mat dién dién rong, trong mot s6 trudng hop nghiém trong c6 thé dan toi mat
6n dinh va tan ra hé théng. Vi vay, viéc phat hién va phan loai chinh xac st cach dién bi hu hong
dong vai trd quan trong trong cong tac bao tri, bao dudng, nham nang cao tudi tho, do tin cdy cia
thiét bi, cing nhu 6n dinh cta hé thong dién [3]. Viéc kiérn tra tinh trang lam viéc va phat hién
hur hong chudi st cach dién trén cac duong day trén khong van chu yéu dya vao phuong phap thu
cong, kiém tra bang mit thuong. Py 1a phuong phap tén kém vé chi phi, nhan lyc, va do chinh
xac khéng cao.

Viée sir dung cac loai may bay khong ngudi lai (UAV) dé thu thap dir liéu anh cac chudi st
da dugc s dung ngay cang phé b1en [4]. Phuong phap chén doan tinh trang chudi st thong qua
anh chup tir UAV c¢6 uu diém 14 tiét kiém thoi gian thu thap anh so v6i phuong phap thu cong,
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giam thiéu chi phi, tuy nhién, lugng dit lidu rat 16n, doi hoi thoi gian xir 1y 1au. Bén canh d6, dnh
chup tir UAV thuong sé& 1an canh vat xung quanh nhu nha cira, cdy cbi,... trong khi chi tiét hong
héc cta chudi st lai kha nho, dan dén sai st trong viéc nhan dang, phat hién sém cac hu hong.
Gan déy, sy phat trién cua tri tué nhan tao trong linh vyc xtr ly hinh anh, video, hay con goi la thi
gidc may tinh (computer vision) di dem lai nhiéu tng dung trong cudc song. Thi gidc may tinh la
mot nganh khoa hoc lién quan dén thu nhan dir liéu sd dang hinh anh, video, tir d6 phan tich,
nhan dang, trich xuét thong tin tir hinh anh. Trong nhitng nim gan déy, da co rét nhiéu tmg dung
cua thi gidc may tinh cho viéc phat hién 15i trong cach dién duong diy. Vao nam 2022, Zheng, J.
[16] d3 nghién ctru dé cai tién mo6 hinh YOLOv7 bang cach thém mot s6 module nhdm muc dich
nang cao céac dic trung hiéu qua, do do, viéc phat hién 16i ¢ chudi sit cach dién da duoc cai thién
vé d6 chinh x4c. Cho dén dau nam 2023, Lian, X. [17] dé cai tién m6 hinh YOLOVS5 bﬁng cach
b6 sung thém vao phan backbone dé cai thién kha nang trich xuat ddc trung, ngoai ra con thay
thé ciu triic PANet thanh BiFPN dé tan dung tdi da cac dac trung tot nhat. Bén canh do, mang
VGGNet16 trong Faster R-CNN ciing duogc thay thé bang ResNet50 dé ting do chinh xac cho
nhan dién 16i boi mot nhém téc gia vao nam 2022 [18]. Cac ung dung ndi bat cia thi giac may
tinh c6 thé ké dén nhu xe tu 14i [5, 6], chan doan hinh anh X quang [7, 8], phat hién san pham 15
trong day Chuyen san xut [9, 10]. Uu diém cua thi gidc may tinh 1a ¢ thé xu Iy luong dit liéu
16m, trich xuét céac thong tin tir hinh anh mot cach ty dong, nhanh chong véi do chinh xac cao so
v6i cac phuong phap thu cong. Trong nghién ciru nay, tac gia dé xudt st dung hai mé hinh thi
gidc may tinh méi duoc phat trién gin day, 13 mé hinh YOLOVS va Faster R-CNN dé phat hién
va phan loai hu hong chudi sir cach dién trén dudng day truyén tai dién.

T
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Hinh 2. Chudi sit cach dién bi sét danbh.
2. CAC MO HINH THI GIAC MAY TINH

2.1. YOLOvS8

YOLO (You Only Look Once) 1a mdt md hinh thi giac may tinh dugc sir dung phd bién trong
bai todn nhan dang hinh anh. Pay la mo6 hinh cé tdc do tinh toan rat nhanh v&i do chinh xac cao.
YOLO dugc gidi thidu lan déu boi Joshep Redmon vao nim 2016. Trai qua nhiéu phién ban cai
tién, YOLOVS8 ra mét vao nam 2022 13 phién ban méi nhat, véi su cai thién vuot trdi vé ca do chinh
xac 13n toc do xur 1y. Tong quan kién triic cia md hinh YOLOvS dung dé phat hién 13i trén st cach
dién dugc thé hién ¢ hinh 3, YOLOVS gdm 3 phan chinh d6 1a Backbone, Neck va Head.

Vé phan Backbone, YOLOVS sir dung kién tric méi d6 1a sy két hop ctia Feature Pyramid
Network (FPN) va Path Aggregation Network (PAN) [13]. FPN duoc tao ra dé thay thé cac b
loc dac trung dugc st dung nhu trong Faster R-CNN va tao ra cic ban dd dic trung voi chét
lwong thong tin ot hon b loc dic trung thong thudng. Mang no ron cang siu thi cang lam mat
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mat thong tin, do do, dé phat hién dugc cac dbi tugng co kich thude nhd, cac nghién ciru da dé
xuét nhiéu phuong phap nhu DenseBlock, FPN. Trong d6, PAN 1a mét céi tién cia FPN nhim
cai thién viéc két hop thong tin da ting trong md hinh phét hién dbi tugng trong thi giac may
tinh. YOLOVS str dung Backbone twong ty YOLOVS véi mét vai sy thay doi cia CSPLayer, goi
la C2f module [12] (hinh 4). Viéc thay d6i C3 module thanh C2f module nhim muc dich ting toc
dd xtr 1y va cai thién do chinh xac cua YOLOvV8 so voi YOLOVS, ngoai ra 16p convolutional 6x6
dau tién trong backbone dugc thay bang convolutional 3x3.

YOLOv8 @ Rongeking
Backbone Head YoLOv8Head 2 7
E‘?S{I?b\:’i»e ‘ A Detect Pbu 4xreg max fg:Fli
——— Detect — ’
Detect | cts. M*W BCE

C2f, n=3

Upsample
CBS, 5=1, K=1

Upsample

(@) (b)
Hinh 4. (a) Cdu triic YOLOVS backbone va (b) YOLOVS backbone.

Vé phan Head, YOLOVS sir dung Decoupled-Head dé ting d6 chinh xac ctia mé hinh. Khi huan
luyén, mo hinh s& cap nhat ham 16i & moi lan huin luyén cho dén khi ham 13i dat gia tri nho nhét.
Ham 15i ciia YOLOVS8 bao gom 3 thanh phan: CloU Loss dugc sir dung dé danh gid d¢ chinh xac
cta bounding box (hop gioi han), Distribution Focal Loss (DFL) duoc dung cho nhiém vu du doan
cac thong so cia bounding box bao gom toa d9, kich thudc va Binary Cross-Entropy Loss duogc
dung cho nhiém vy dy doan nhan cia dbi tuong. Ham 161 cia YOLOVS dugc tinh nhu sau:

Lot = Leiou +@bor + Blice 1)
Trong do, ava f la hing s6 dé can bang muc do quan trong cua cic ham mat mat va duoc
chon bang phuong phap thurc nghiém.
CIoU Loss [15] duoc tinh bing cong thirc:

2 gt
Loy, =1-loU +%+w @)
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Trong do:
\
= 3
4 @-1oU)+v ®)
ot 2
v=i2 arctanW—t—arctanV—V (4)
7 h? n

YOLOVS st dung Soft-NMS [13], 12 mdt phuong phap glam s6 luong bounding box trung
lap trong phat hién d6i tugng bang cach diéu chinh diém sd cia cac bounding box kh1 chung
tring lp v6i nhau, thay vi loai bé ching hoan toan nhu trong phwong phap NMS truyén thong.
Mot su khac biét khac giita 2 mé hinh d6 13 qué trinh huin luyén dit liéu cua chiing. YOLOvS
dugc huin luyén trén bd dit li€u c6 quy md 16n hon va da dang hon so voi YOLOvVS. Do dé,
YOLOVS ¢6 hiéu suét cao hon do pham vi hinh anh rong hon. YOLOvS8 bao gém mot cong cu
gan nhan mdéi cé tén RoboFlow Annotate, dugc sir dung cho cht thich hinh anh. RoboFlow
Annotate gitip viéc chii thich hinh anh va gan nhan dé dang hon cho viéc huén luyén mé hinh.
M6 hinh dinh dang dir liéu cia YOLOvV8 c6 dang nhu sau : (class_id, x_centre, y_centre,
width, height). Vi vay, dé dua dir liéu vé dinh dang ma YOLOVS8 c6 thé huan luyén duoc, ta
can chuén hoéa dir liéu ddu vao nhu sau:

_ bbox[0] + bbox[2]/ 2
“r T image  width
_bbox[1] +bbox[3]/ 2
“"" " image _height
bbox[2]
image _ width
bbox[3]
image _ height

)
width =

height =

Trong do :

x_center: Toa d6 x chudn hoa cta tim cua hop gioi han;
y_center: Toa d0 y chuan hoa cua tdm cia hop gidi han;
width: Chiéu réng chuan hoa ctia hop gidi han;
image_width: Chiéu rong hinh anh;

height: Chiéu cao chuan hoa cta hop gidi han;
image_height: Chicu cao hinh anh.

2.2. Faster R-CNN

Faster R-CNN la mdt mo6 hinh nhan dang va phéan loai doi tuong st dung trong linh vuc thi
gidc may tinh va tri tu¢ nhan tao. Pugc cong b lan dau tién vao nam 2015 boi Ross Girshick véi
tén goi ban diu 1a Fast R-CNN. Faster R-CNN d3 dan tré thanh mot trong nhirng phwong phap
tién tién cho bai toan nhan dang va phat hién déi tuong trong anh. Faster R-CNN 1a 1 phién ban
cap nhat ctia Fast R-CNN, diém khac biét gitta chung la Fast R-CNN st dung thuat toan
“Selective Search” dé tao ra Regions Of Interest (ROI), trong khi Faster R-CNN thi sir dung
“Region Proposal Network (RPN)”.

Region Proposal Network (RPN) c6 nhiém vu tao ra cac ving dé xuat chira cac dbi tuong c6
the c6 trong dau vao. Trong qua trinh nhan dang doi tugng, mot trong nhiing viéc quan trong la
xac dinh cac viung quan tdm chira doi tugng. Trude khi RPN xuat hién, Fast R-CNN thuong sur
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dung cdc ki thuat nhu Selective Search dé trich xuét cc ving dé xuét tuy nhién, nhitng phuong
phap nay sé& c6 tbc do va hiéu suit khong cao. RPN di giai quyét van dé nay bang cach str dung
mot mang nho dé du doan cic ving dé xuit, RPN co bd phan loai dé tra vé xac suét clia cac ving

(hinh 5).
classifier
4
proposals | 2k scores ‘ | 4k coordinates ‘ <= k anchor boxes
cls layer \ t reg layer .

Region Proposal Networ]
256-d
feature maps
1 intermediate layer

sliding window:

A ey conv feature map

Hinh 5. M6 hinh Faster R-CNN [11]. Hinh 6. Region Proposal Network (RPN) [11].

Faster R-CNN s& ldy cac feature maps (ban dd dic trung) tir 16p CNN va dua chung vao
Region Proposal Network. RPN s& str dung phwong phap sliding window (ctra s truot) & nhiing
feature maps nay, sau dd, no tao ra k Anchor boxes cta cac hinh dang va kich ¢& khac nhau.
Anchor box chinh 1a mét bounding box co s& dé xac dinh bounding box bao quanh vat thé dyua
trén cac phép dich tdm va scale kich thudc chidu dai, rong. Mdi loai anchor box s& phu hop dé
tim ra bounding box cho mét loai vét thé dic trung.

bé danh gia hiéu qua cia mé hinh Faster R-CNN, ta s¢ dua bo dir li€u vé dinh dang COCO
json dé huan luyén.

3.KET QUA

Mo hinh duge hudn luyén trén bo dit liéu gdm 1600 hinh anh v&i 17108 d6i twong can nhan
dién. Trong tap dit liéu bao gdm 12148 chudi st & dang binh thuong (hinh 7a), 1788 chudi st bi
nat v& (hinh 7b) va 3172 chudi st bi hong do sét danh (hinh 7c). Phan bd sb lwong cac nhdn
dugc thé hién & hinh 8. Tép dir liéu duoc chia thanh 2 phin 14 tip huin luyén va tap kiém thir voi
ti 1 80-20.

|’

@ (b)
Hinh 7. (@) Chudi sir binh thuwong; (b) Chudi sit bi nirt v&¥; (c) Chudi sir bi sét danbh.
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Pé danh gia d6 chinh x4c ciia md hinh nhan dang anh
thi tiéu chi mAP (mean Average Precise - B¢ chinh xac
trung binh) la ti€u chi dugc sir dung phd bién nhat. Duéi
day 1a bang so sanh vé két qua phan loai theo tiéu chi
mAP ctia 2 m6 hinh YOLOvS va Faster R-CNN. Qua
bang so sanh ta thay, di v6i nhan chudi st binh thuong
va chudi st bi nit v, YOLOV8 c¢6 mAP cao hon so véi
Faster R-CNN véi d9 chénh léch dao dong trong khoang
tir 1-2.5%, d6i voi nhin chudi st bi sét danh thi mAP cua
Faster R-CNN lai 16n hon YOLOvVS8 khoang 2.5%.

10000 -

G000 -

58 lwgng

4000 -

0- R

binh thuéng nivt vl sét danh

Hinh 8. Phdn bé s6 lwong dau vio

cua cac nhan.

Bdng 1. So sanh do chinh xdc trung binh mAP cua 02 mé hinh.

Nhén YOLOVS Faster RCNN
Tét ca 96.4% 96.33%
Binh thudng 98.1% 96.6%
Nut vo 96.5% 95.5%
Sét danh 94.4% 96.9%
Bing 2. So sanh thoi gian hudn luyén ciia 02 mé hinh.
M@ hinh Thoi gian hudn luyén Thoi gian nhan dang
YOLOv8 2.8 gio 1.9 mili-gidy
Faster R-CNN 4.6 gio 0.59 giay

Béang 2 so sanh thoi gian h}lén luyén va nhan dang cua 02 m6 hinh. Co thé, thdy rang,
YOLOVS da duoc cai thién ca ve thoi gian huan luyén va thoi gian nhén dang, véi toc d6 nhanh
hon han so v6i Faster R-CNN. Diéu nay cho thay 1¢i thé cia YOLOvS8 d6i vai cac bai toan nhan

dién d6i tuong trong thoi gian thyec.

No issues 0.90;

9.. -
o issues 0.91
?&s'sues 0.93

"ssu‘es 0.91
€D

(a)
Hinh 9. Két qud nhdn dang tirng bat sir véi YOLOVS (@)
va voi Faster R-CNN (b) trong truong hop bi sét danh.

No issues 99%

(b)
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Broken 100%
e

bgissues 0.90
No issues 0§i;
]

No issues 100%}

(b)
Hinh 10. Két qud nhdn dang timg bt sit véi YOLOVS (8) va véi Faster R-CNN (b)
trong trueong hop bi niet vo.

Hinh 9 va 10 thé hién két qua nhan dang cho ting ddi tuong 1a bat st trong ca c~hu5i st voi 02
m6 hinh YOLOV8 va Faster R-CNN trong truong hop chuoi st bi sét danh va chudi st bi nirt v3.
C6 thé thay, mac du Faster R-CNN c6 mAP thap hon mét chut so v61 YOLOvS nhung khi dua
vao dé nhan dién doi twong nho trong qénh’thi Faster R-CNN c¢6 @6 tin cdy cua tirng doi tugng cao
hon so v6i YOLOVS. Nhu vay, c6 the thdy rang m0 hinh Faster R-CNN c6 xu huéng phat hién
nhiéu doi tugng nho véi dd tin cdy cao.

4. KET LUAN

Nghién ctru nay dé xuét str dung 02 mé hinh thi giac may tinh la Faster R-CNN va YOLOv8
dé phat hién va phén loai cic chudi sir bi hu hong. Két qua cho thiy, ca 2 md hinh déu c6 kha
nang nhan dang chudi st bi hong hoc voi do chinh xac twong ddi cao. M6 hinh YOLOVS phu
hop cho céc ing dung phat hién dbi twong trong thoi gian thuc do toc d6 xir Iy anh va phat hién
dbi tugng nhanh, con mé hinh Faster R- CNN t6 ra phu hop trong cac ung dung doi hoi c6 do
chinh xdc cao nhu phat hién vét thé trong y té, hodc cac bai toan can nhan dién cac dbi twong nho
v6i s6 luong 16n. Trong cac nghién ciru tiép theo, nhom s& tim hiéu va cai tién phuong phap xir
ly dit liéu dau vao dé tang do chinh x4c va tdc do tinh toan ciia cic mé hinh thi gidc may tinh
trong bai toan nhéan dang, phan loai anh.
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ABSTRACT
Transmission line insulator defect detection based on computer vision

The quick and accurate detection of faults in insulator strings plays a crucial role in
ensuring the stability and reliability of the transmission power grid. In this study, the
authors propose a method for detecting and classifying insulation faults on transmission
line insulator strings based on computer vision models. The dataset used in the study
consists of 1,600 images of insulator strings with a total of 18,195 objects categorized into
three types: normal functioning strings, cracked strings, and strings damaged by lightning
strikes. The dataset is split into a training set and a test set with an 80-20 ratio. The
dataset is trained on two computer vision models, YOLOv8 and Faster R-CNN. The results
show that the YOLOvV8 model can detect and classify cracked and lightning-damaged
insulator strings with an accuracy of up to 96.4%.

Keywords: Insulator; Transmission line; Computer vision; Faster R-CNN; YOLOVS.
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