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Tém tat:

Trong vai thap ky qua, qua trinh nghién cu phat trién va (ing dung cac cong nghé Iudi dién théng
minh dé& hién dai hda va nang cap Iudi dién, cac cdng nghé mdi d€ kiém tra, danh gid su’ hu hong
clia dudng day truyén tai dién trén khdng da va dang dudgc ddy manh nhdm huéng dén cac muc tiéu
tu dong hda qua trinh gidm sat tinh trang ché€ do van hanh, dam bao tinh an toan va hiéu qua.
Trong bdi canh chung do, viéc sir dung may bay khdng ngudi 1ai (UAV) d€ kiém tra gidm sét luGi
dién cao thé hién dang la mot bai toan dugc quan tam khong chi d6i vdi nganh dién cla Viét Nam
ma ddi véi nganh dién trén toan thé gidi. Bai bdo nay dé xuit mot hudng tiép can hiéu qua dé giai
quyét bai toan tu dong phat hién dudng day va cac thiét bi trén Iugi dién cao thé 110 kV dua trén
md hinh Mask R-CNN. Hiéu qua cla phuong phap dudgc kiém nghiém trén bd dir liéu I6n bao gom
52500 khung hinh (anh), trong dé 27500 anh dugc thu nhan truc tiép trén Iudi trong diéu ki€én moi
trudng hoan toan tu nhién (trdi ndng vira, ndng to, nhiéu may, c6 mua phin, gid nhe, gié vira) tai
céc khoang thdi gian khac nhau trong ngay (budi sang, budi trua, budi chiéu tdi), 25000 anh dugc
sinh bang cac ky thuat bién déi, tng hgp va cac cdu tric mang GAN. TUr cac két qua thuc nghiém
cho thdy phucong phap dé xuat dat do chinh x&c cao (trén 97%), on dinh va it nhay cdm véi nhiéu.

T khéa:
Ludi dién, hoc sau, thi€t bi dién, phat hién doi tugng, phan I6p, gan nhan, lam giau dir liéu, huan
luyén, kiém thdr, dd chinh xac, do truy hdi, Mask R-CNN, Instance segmentation.

Abstract:

In the past few decades, the research, development, and application of smart grid technologies to
modernize and upgrade power grids, as well as new technologies to inspect and evaluate the
damage of overhead power transmission lines, have been heavily promoted toward the goal of
automating the monitoring process of operation status, ensuring safety and efficiency. In this
general context, the use of unmanned aerial vehicles (UAVS) to inspect and monitor high-voltage
power grids is currently a matter of concern not only for the electricity industry in Vietnam but also
for the electricity industry worldwide. This article proposes an effective approach to solving the
problem of automatic detection of power lines and devices on the 110 kV high-voltage power grid
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based on the Mask R-CNN model. The effectiveness of the method is tested on a large dataset of
52,500 frames (images). The dataset includes 27,500 images collected directly on the grid in
completely natural environmental conditions (partly cloudy, sunny, rainy, light wind, moderate wind)
at different times of the day (morning, noon, and afternoon) and 25,000 images generated using
transformation techniques, synthesis, and GAN network structures. The experimental results show
that the proposed method achieves an accuracy exceeding 97%, stability, and is less sensitive to

noise.

Keywords:

Electric grid, deep learning, electrical equipment, object detection, classification, labeling, data
augmentation, training, testing, accuracy, recall, Mask R-CNN, Instance segmentation.

1. GIOI THIEU CHUNG

Hé thong dién (HTD) dong vai tro quan
trong dbi vai sy phét trién kinh té caa mdi
qudc gia vi 1a mét trong nhiing co sé ha
tang quan trong nhat caa nén kinh té qubc
dan. Van hanh HTD 1a tap hop céc thao tac
nham duy tri ché do 1am viéc binh thuong
cua hé théng dién dép ng cAc yéu cau
chat luong, tin cay va kinh té. Mot HTD
thudng rong 16n vé qui mo, trai dai trong
khong gian véi nhiéu thiét bi dién khac
nhau, do d6 kha ndng phat sinh cac hu
hong, su ¢ (thoang qua hoac duy tri) va
cac tinh trang lam viéc khong binh thuong
d6i voi cac phan tir trong HTD 1a rat I6n.
Su cb hé théng dién 1a su kién mot hoic
nhiéu trang thiét bi trong hé théng dién do
tac dong tir nhiéu nguyén nhan dan dén
hoat dong khong binh thuong, gay ngung
cung cap dién hoic mat 6n dinh, mét an
toan va khéng dam bao chit luong dién
ning cta hé thong dién. Céc thiét bi trén
duong truyén tai dong vai trd quan trong
nhat dinh gop phan tao nén su 6n dinh
trong hé théng. Dé dam bao maot hé thdng
dién van hanh an toan, cong tac kiém tra,
giam sat va theo doi tinh trang van hanh

ctia céc thiét bi trén ludi dugc nganh dién
dac biét chu trong.

Hinh 1. Anh mat sé thiét bi trén lwéi dién 110 kv

Cong tac kiém tra, giam sat van hanh hé
thdng duogc thuc hién bang nhiéu phuong
phép, dién hinh nhu phuong phap kiém tra
tha cbng, st dung may bay truc thang,
dung robot... Véi ki thuat kiém tra thu
cong, cac cong nhan di doc theo duong
truyén, tréo I&n cot quan sét, st dung cac
thiét bi nhu may do séng am, may anh dé
thu nhan dir liéu duong truyén. Phuong
thirc kiém tra nay kém an toan va rui ro
cao, va dac biét khéng kha thi véi nhirng
khu vuc ddi nai cao hay duong truyén bac
qua song, qua sudi. Phuong phap sir dung
robot hay may bay truc thang c6 kha nang
trién khai dugc ¢ nhimg diéu kién dia hinh
phuc tap, khic nghiét, tuy nhién lai doi hoi
nhan luc c6 trinh d6 cao va chi phi cao.
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Trong mot vai nam gan day, phuong phap
ung dung cdng nghé tri tué nhan tao (Al)
tich hop voi hé thdng camera giam sét va
cac thiét bi bay khong nguoi lai (UAV)
hira hen mang lai nhiéu wu diém va hiéu
qua. Qui trinh Kiém tra, giam sat ludi dién
bang thiét bi UAV duoc tién hanh nhu mé
ta trong Hinh 2.

L

Thiét lap 16 trinh bay

l - Tuyén b7, doan BZ

- Céc ché d4, cach thiic bay
- Céc théng s6 bay chup, ...

Bay UAYV thu dit liéu (hinh anh, video)

Phat hién DZ, cbt dién, céc thiét bi trén lwéi
Phat hién, theo dbi bat thuromg thiét bi, DZ
Canh bao téi ngudi quan Iy hodc van hanh

hé thong (néu phat hién bat thuong)

Hinh 2. Quy trinh kiém tra lw&i dién bing UAV

Trong pham vi bai bédo nay chang toi tap
trung vao bai toan phéat hién duong day
(DZ), cot dién va cac thiét bi trén ludi
dién 110 kV. Trong d6, chung toi tap
trung vao 07 Iop dbi tugng, bao gom:
day dién (daydien), cdach dién silicon
(cachdienslc), cdach dién thuy tinh
(cachdientt), cot thép hinh (cotthephinh),
cot don than (cotdonthan), ta chong rung
(tacr), day chong sét (daycs). Cac két qua
nghién ctu nay nham huéng téi muc tiéu
tng dung tich hop dé xay dung hé thdng
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kiém tra, giam sat tinh trang van hanh va
canh bao sém su cb cua cac thiét bj va
duong day tai di¢n 110 kV.

Cac dong gop chinh cua cac tac gia trong
bai b&o nay bao gom:

= P& xuit mot md hinh phat hién duong
day, cot dién va cac thiét bi trén luéi dua
trén kién tric mang hoc sdu Mask
R-CNN [1]. Pay 1a mot hudng tiép can
mai, hiéu qua, dat d6 chinh xac cao, it nhay
cam vaéi nhiéu, do nghiéng, xoay va do dich
chuyén cua cac ddi tuong trong anh.

» Thu thap va xay dung mot tap dir liéu
I6n bang viéc bay chup UAV thuc té trén
ludi dién 110 kV tai Viét Nam. Tap di
liéu nay dam bao da dang vé chit luong,
anh duoc thu thap trong diéu kién moi
truong hoan toan ty nhién: troi nang vira,
ram mat, ning to, c6 mua phun, cip gio
nhe, gid binh thuong, anh duoc thu nhan
theo cac khoang cach khac nhau tinh tu
UAV dén thiét bi. Do tinh dac tho, tap di
liéu nay rat co y nghia ca trong nghién
ctu 1an &ng dung thuc té nham cai thién
dd chinh xac va 6n dinh cho cac thuat
toan.

= Pé& xuit cac thuat toan sinh/md phong
bat thuong dé 1am giau tap huan luyén dix
lieu nham ting cudng d6 chinh xac cua
thuat toan.

Céac noi dung con lai cua bai bao duoc
trinh bay nhu sau: Phan 2 trinh bay tom
lugc V& cac huong tiép can lién quan; Y
tuong co ban va cac céng viéc chinh caa
phuong phap dé& xuat s& dugc trinh bay
trong phan 3. Phan 4 tap trung mé ta quy
trinh thu thap va xay dung tap dir liéu
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mau thuc nghiém, quy trinh xay dung va
kiém thir cac thuat toan, két qua thuc
nghiém. Cudi cung, mot s két luan va
huéng phéat trién lién quan s& duoc trinh
bay trong phan 5.

2. CAC NGHIEN C?U LIEN QUAN

Trong nhimg nim gan ddy, cac nghién
ctru hd tro quan ly, giam sat va van hanh
hé thong dién dugc nhiéu nha khoa hoc
quan tam, nghién ctru. Pac biét, nhing
bai toan vé phat hién thiét bi dién cd trén
ludi dién cao thé tir dix liéu hinh anh duoc
ghi nhan tir cac thiét bi nhu camera,
camera giam sat, thiét bi bay khong nguoi
lai, camera nhiét....

Trong [2], Zhai va cong su st dung thuat
toan hoc thich nghi dua trén phép toan
hinh thai hoc @ xac dinh chudi cach di¢n
trong anh thu nhan duoc tr UAV. Wu va
cong su [3] su dung md hinh duong bao
tich cuc giam thiéu toan cuc dé xac dinh
chudi cach dién, giai phap nay yéu cau
thoi gian tinh toan cao. Trong [4], nhém
tac gia su dung thuat toan cai tién cua
MPEG-7 EHD (Edge Histogram method)
dé xac dinh chudi cach dién cd trong anh.

Ung dung hoc sau trong bai toan phat
hién va dinh vi thiét bi trén hé thdng
duong truyén tai dién cao thé da va dang
dugc nhidu nha khoa hoc quan tdm va
nghién ctu. Tao va cong su [5] da thiét ké
mot bo phéan 16p loai CNN xép ting moéi
va sir dung phuong phap tang hinh anh dé
ting s6 lwong hinh anh cach dién bi I3i.
Do chinh xac va ty Ié thu hdi cua phat
hién 16i cach dién c6 thé dat lan luot 14
91% va 96%.

Ling va cong su [6] dé xuat két hop Faster
RCNN va U-Net, trong d6 Faster RCNN
dugc dung dé dinh vi chudi cach dién
thary tinh va U-Net dugc ding dé phan I6p
chinh xé4c cac diém anh trong anh cit cac
kich thuéc, @6 chinh xac 1én téi 94,9%.

Sadykova va cong su [7] s dung
YOLOV2 cho xé4c dinh chudi cach dién tir
anh UAV, tach chudi cach dién khoi nén,
sau d6 dung cac bo phan lop khac nhau
SVM, CNN, Bayes... dé xac dinh tinh
trang bé mit cua chudi cach dién.

Yu va cong su [8] cai tién CSPDarknet53
cua YOLOv4 thanh médun CSP1 X va sur
dung mdédun CSP2 X dé nang cao kha
ning trich xuét tinh nang, trong khi ty 1&
hinh anh thich ung duoc sir dung dé xur ly
hinh anh dau vao. M6 hinh duoc cai tién
c6 thé giam hiéu qua viéc tinh toan va du
thira, c6 thé dat t6i mAP 98,3% va 54,57
khung hinh/gidy (FPS) trong nhan dang
mat na.

Zha va cong su [9] st dung MobileNetv2
dé thay thé tach thudc tinh trong YOLOV4
va phat hién lightweight cia mang xac
dinh déi tuong...

Céc ky thuat dé xuat thuong chi phat hién
mat hoac hai thiét bi trén ludi dién. Nham
tang hiéu qua cho qua trinh giam sat thiét
bi trén ludi, trong bai bao, nhom dé xuat
mot ky thuat hiéu qua trong phéat hién
thiét bi trén ludi dién 110 kV. Céc thiét bi
dugc phat hién bao gdom day dién, cot
thép hinh, cot don than, cach dién thuy
tinh, cach dién silicon, ta chéng rung va
day chéng sét.

4
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3. PHUONG PHAP PHAT HIEN BUONG
DAY (BZ), COT DIEN VA CAC THIET Bl
TREN LUO

Phuong phap dé& xuét cua ching toi bao
gém 03 cong doan dugc Mo ta cu thé trén
hinh 3, bao gom:

Cong doan 1: Chuan bi dir liéu (xay dung
cac tap dir liéu phuc vu cho viéc huan
luyén va kiém thir mé hinh), cong doan
nay bao gom cac budc thu thap dir liéu,
tién xu ly dir liéu, ting cudng chat luong
va chuan hoa kich thuéc anh (anh duogc
chuan héa vé kich thuéc 1280x720), gan
nh&n hinh anh, lam giau di liéu, xay dyng
tap dir liéu huan luyén va kiém the md

—————————————————————
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hinh. Tur c4c tap dir liéu huan luyén va
kiém thir 3 duoc xay dung;

Cong doan 2: Huan luyén md hinh PLED
(Power Line Equippment Detector) —
duoc xay dyng dya trén kién trdc mang
Mask R-CNN dé giai quyét bai toan phat
hién duong day, cot dién va cac thiét bi
trén luéi. M6 hinh dugc huan luyén theo
co ché transfer leaning (hoc chuyén tiép)
véi 07 16p dir lieu, bao gom ddy dién,
cach dién silicon, cdach dién thuy tinh, cot
thép hinh, cét don thén, ta chéng rung,
day chong sét. Mo hinh PLED sir dung
mang Backbone Resnet50 [10], [11] va
Pre-weight dugc chon la R50-FPN 3x.

| 1 | |

1 ] . a !
i Thu nhin hinh anh : ! Lwa chon mang Backbone, Pre- : i Anh dau vao :
1 B 1 . .
! 1 ! E train weights i i T i
! <A 5 o1s u . | ! 3 2 !
|| Tiénxily, ting cuong |} | - ) ' || Tiénxirly,chuin ||
: chat lrong, chuan héa : i Thiét 16p m6 hinh, thiét 13p cac o hoa kich thude anh !
: (Kich thurée 1280x720) | | tham s6, khéi tao mé hinh | : n )

1
| I 1 : : | |
1 1 1
. . ] : Nap mé hinh PLED | |
! T ! i Huén luyén md hinh 1B 4 :
. 1 1 - - ~
' | Lam gidu tdp dit liu huén |! i ! ( PElat }:El&;r} I—)Z_,;cc_)t_ :
i | Iluyén/kiém thtmé hinh |1 | ‘| || diénvacacthibtbi ||
! : N il trén ludi |
]

: 4 ' | || Mo hinh phat hién BZ, cétdién 1] | o !
: Xay dung tap dit liéu : i va cac thiét bi trén lwdi (PLED — |, : )
: huén luyén va kiém thir | ''| Power Line Equipment Detector) || : Panh gia két qua E
1 md hinh 1 : J o 1
| ! | | : i
: CHUAN BI DU LIEU : : HUAN LUYEN/XAY DUNG MO HINH : : SU DUNG MO HINH :
1 1

e

Hinh 3. Quy trinh phat hién dwéng day (BZ), cot dién va thiét bi trén lwéi

Cong doan cudi cung s& tién hanh kiém
thir/str dung mé hinh dd duoc huan luyén
& bude trudc. Tir mot anh dau vao bét ky,
trude tién duoc chuan hoéa vé kich thudc
anh 1280x720. Hiéu qua caa moé hinh
dugc danh gia dua trén cac do do IloU,
Precision, Recall dugc mo ta cu thé &
phan 4.

4. TH NGHIEM

4.1. Méi trwong thee nghiém

Nhom téc gia st dung méi truong Python
3 dé cai dat thuat todn va mé hinh thu
nghiém. C4u hinh may chay thir Intel core

i7-9700 CPU 3.6 GHz, 16 GB RAM. May
tinh dugc trang bi card dd hoa NVIDIA
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GeForce© GTX 1050 768 CUDA cores,
16 GB RAM.

4.2. Xay dwng bé div liéu thie nghiém

Do tinh dac thu, hién nay chua c6 tap dir
liu chuin nao dugc cong bé mot cach
chinh thire dbi voi bai toan lién quan. Dé
danh gid hi¢u qua ciia mé hinh, nhém da
tién hanh xay dung céc tap dir liéu thu
nghiém bang viéc bay chup UAV truc
tiép trén ludi dién 110 kV. Quy trinh xay
dung tap dir liéu dugc md ta cu thé trén

Hinh 4.

Thiét 13p 16 trinh bay

L& trinh bay

A i

Bay chup UAV thu thép di¥ lidu hinh
anh dwdrng day, cot dién, cdc thiét bi
trén dudng day, trén cdt

Dir ligu tha
A 4

Tién xir ly, gan nhén dir ligu

h

Dir ligu kigm thir mo
hinh {testing data)

Dir ligu hudn luyén md
hinh (training data}

Hinh 4. Thu thap div liéu huan luyén, kiém thi

Qua trinh thu thap di liéu dugc & cac thoi
diém khac nhau trong ngdy (sang, trua,
chiéu téi), trong céc khoang thoi gian
khac nhau véi didu kién thoi tiét hoan
toan tu nhién nhu troéi rdm mat, mua
phun, ning vira, nang to, gié nhe, gi6 vira
(trong khoang cip gi6 tir 1 dén 5) bang
thiét bi DJI Mavic 2 pro. Kich thugc dir

lieu anh thu nhan tir UAV theo tiéu chuin
1280x720. Bo dit liéu bao gom 27.500
mau duoc thu thap tir thuc té, voi théng
tin cu thé dugc mo ta trén Bang 1.

Bang 1. Phwong phap thu nhan div liéu

8|yt chi b (e, | i
do zoom
2500 | Tir2,5 m dén<4,0 m, 1x | Dudi lén
2500 | Tir 4,0 m d&én <6,0 m, 2x | Dudi lén
2200 | Tir 6,0 m dén <8,0 m, 3x | Dudi lén
1300 | Tir 8,0 m dén 10 m, 4x Duéi 1én
2500 | Tir2,5 m dén<4,0 m, 1x | Trén xubng
2500 | Tir4,0 m dn<6,0 m, 2x | Trén xuéng
2300 | T 6,0 m dén<8,0 m, 3x | Trén xuéng
1200 | Tir 8,0 m dén 10 m, 4x Trén xudng
3500 | Tir2,5 mdén<4,0m, 1x | Ngang DZ
3500 | Tir4,0 m dén <6,0 m, 2x | Ngang BZ
2000 | Tir 6,0 m d&én <8,0 m, 3x | Ngang BPZ
1500 | Tir 8,0 m dén 10 m, 4x Ngang BZ

Pé thu thap dir liéu, & day thiét lap 03
kiéu bay, bao gom: UAV bay tir dudi 1én,
bay trén xudng va bay ngang dudng day.
Péi vai mdi cach bay, thiét 1ap 4 ché do:
Bay cach duong day tir 2,5 dén dudi 4 m,
d6 zoom cta may anh 1x; Bay cach duong
day tir 4 dén dudi 6 m, do véi d6 zoom cua
may anh 2x; Bay cach duong day tir 6 dén
dudi 8 m, d6 vai do zoom cia may anh 3x;
Bay cach duong day tir 8 dén 10 m, do voi
d6 zoom ctia may anh 4x.

Hinh 5. Anh chup tir dwéi 1&n

6
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Hinh 7. Anh chup ngang dwong day

Dir liéu thod sau khi thu thap trudc tién sé
duogc tién xir Iy nham loai bo nhitng dit
liéu v6 nghia, dir liéu trung lap, can chinh,
loai bo cac dbi twong gay nhidu, ting
cuong chat luong anh dau vao. Sau dé sé
dugc gan nhan (annotation) theo dinh
dang file Coco. Méi dit liéu annotation
duogc Iuu trong 1 file c6 dinh dang JSON,
bao gom céc thong tin:

{
"info": info,
"licenses™:[lisenses],
"categories":[category],
"images":[image],
"annotations":[annotation]
}

Trong do: info: Chta théng tin vé tap
dataset; licenses: Chira thdng tin vé gidy
phép cua tap dataset; categories: Chua
mot danh sach tén cac dbi tuong; images:

(ISSN: 1859 - 4557)

lvu trir théng tin cua cac hinh anh
nhu duong dan dén anh, tén hinh anh, ID
cua anh (mdi anh c¢6 1 1D duy nhat);
annotations: Truong dir ligu nay chaa
thdng tin vé céc bouding boxes hoic cac
théng tin vé segmentation cua cac doi
tugng trong anh (Hinh 8).

Hinh 8. Gan nhan dir liéu

Pé dam bao tinh can bang cho céac lop
dir liéu, nhém tac gia tién hanh lam
giau dir liéu huan luyén bai cac md hinh
sinh va tong hop anh GAN [12], [13]
va cac thuat toan bién ddi hinh anh
dién hinh nhu RandomScale, Downscale,
GaussNoise, GBShift, Sharpen,
ShiftScaleRotate, Horizontal-Flip,
VerticalFlip, RandomBrightnessContrast
[14], [15].

Dir liéu mau duoc sinh dam bao tinh da
dang, twong dong va co y nghia bd tro cho
tap dir lieu thu thap truc tiép trén ludi
truyén tai. Cac tac gia da thu thap va gan
nhin duogc tong sé 57500 anh, trong d6 c6
27500 anh dwogc thu thap truc tiép trén
ludi, 30000 anh sinh. Tap di liéu nay
duoc chia tach theo co ché 70/10/20: 70%
dir liéu (twong ung véi 40250 anh) dé
training (huan luyén) mé hinh, 10% di
liu (5750 anh) gianh cho validation (xac
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thuc) trong qua trinh training va 20% di
liéu (11500 anh) dé testing (kiém thu).

Hinh 9. Anh sinh bang céc thuat toan xt ly,
bién ddi anh

Pé viéc danh gia duoc chinh xéc va truc
quan, tién hanh chia tap dir liéu kiém thu
(gdm 11500) thanh 03 tap dit liéu tuong
ung vai 03 céach thic bay tir dudi Ién, tur
trén xudng va bay ngang duong day nhu
da dé cap ¢ trén. Thong tin chi tiét vé cac
tap dit liéu dugc mo ta cu thé ¢ Bang 2.

Bang 2. D liéu kiém thie

Tap dir Téng sb Tong sé TB
ligu anh can phat hi¢n
#Dataset1 3350 37850
#Dataset?2 3400 38230
#Dataset3 4750 50280

Tap #Datasetl bao gdm cé4c anh duoc thu
thap theo cach thac bay tor dudi 1€n voi
khoang cach bay va d6 zoom may anh lan
luot tir 2,5 dén dudi 4 m, zoom 1x; tir 4
dén dusi 6 m, zoom 2x; tir 6 dén dudi 8
m, zoom 3x; tr 8 dén 10 m, zoom 4x Vi
tong sé 3350 anh va 37850 thiét bi can
phat hién trén anh. Tuong tu, tap
#Dataset2 bao gom cac anh duoc thu thap
theo céch thic tir trén xudng, véi tong sé
3400 anh va 38230 thiét bi can phat hién.
Tap #Dataset3 bao gom cac anh duoc thu

thap theo cach thirc bay ngang duong day
V6i tong sé 4750 anh va 50280 thiét bi
can phat hién. Trong d6, tong sé thiét bi
can phét hién d6i voi mdi tap anh duoc
tinh bang cach théng ké tir tap ground
truth twong ng.

4.3. Cac do do danh gia

Pé danh gia hiéu qua cua mo hinh dé
Xuat, ching t6i st dung cac do do loU,
Precision va recall duoc dinh nghia cu thé
nhu sau:

» |oU (Intersection over Union) hoac
Jaccard Index 1a d6 do dé biéu didn do
tuong dong gita ground truth bounding
box véi predicted bounding box cua mo
hinh, duoc tinh cu thé biang ty 1& gitra
phan giao (Area of Overlap) va phan hop
(Area of Union) cia ving du doan (két
qua ctia md hinh) va ving d6i tuong thuc
té (ground truth), gia tri trong doan tir 0
dén 1, hai box cang khép nhau thi gia tri

cang gan 1 va nguoc lai.

Area of Overlap
loU =

Area of Union

Trong cac thuat toan phat hién dbi tuong
n6i chung, dé xac dinh mot ddi twong co
dugc phét hién hay khéng chu yéu dua
vao d0 do IoU (néu IoU 16n hon hoic
bang mot gia tri ngudng cho trudc thi ddi
tugng duoc coi la phat hién dugc va
nguoc lai).
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= Precision 1a thong sé thé hién ti & céc
du doan la dung (so vai ground truth) so
Véi tong s6 cac du doan cia model, duoc
tinh bang cdng thirc cu thé nhu sau:

L (1)

Tp+Fp

Precision =

= Recall hay d6 nhay cam la théng sb thé

hién ti 1& dy doan dung trén tong sb

ground truth, dugc tinh bang céng thuc:
Tp

Tp+Fpn

Recall =

()

Trong d6, Tp (True Positive) 1 sb thiét bi
dugc phat hién ding trén anh; Fp (False
Positive) la sb thiét bi phat hién sai (doi
tuong duoc phét hién khong phai Ia thiét
bi); Fy 1 s6 thiét bi khong phét hién duoc
(b6 s61).

4.4. Két qua thir nghiém

Qué trinh thuc nghiém duoc tién hanh
trén tap dir liéu trén 03 tap dir liéu kiém
thir #Dataset], #Dataset2, #Dataset3. Dé
thuan tién cho viéc trinh bay, ching t6i ky
hiéu N 1a téng s thiét bi can phat hién.
Két qua thuc nghiém dugc thé hién cu thé
trén Bang 3 va Bang 4.

Bang 3. Panh gia cac doé do Tp, Fp, Fn

e | mau| N | TR R
#Dataset] | 3350 | 37850 | 36801 | 624 | 425
#Dataset2| 3400 | 38230 | 36905 | 749 | 576
#Dataset3| 4750 | 50280 | 47941 | 1386 | 953

Bang 4. Banh gia cac doé do Precision, Recall

Tap dir Sf) N Precision | Recall
ligu mau (%) (%)
#Datasetl | 3350 | 37850 98,33 98,86
#Dataset2 | 3400 | 38230 98,01 98,46
#Dataset3 | 4750 | 50280 97,19 98,05

(ISSN: 1859 - 4557)

Phan tich tir cac két qua thuc nghiém cho
thdy mé hinh PLED dat d6 chinh xac cao
trén ca 03 tap dir licu thu nghiém. Thoi
gian phan tich trung binh trén mdi anh
dau vao (kich thudc 1280x720) chiém
khoang 0,5-0,6s. Cac truong hop mo hinh
khong phat hién duoc (that bai) thuong do
anh bi mo (bay véi khoang cach xa) hoac
bi l16a sdng — khdéng cd su twong phan
rd rét gitra nén anh va dbi tuong. Cac
truong hop phat hién nham ddi tuong roi
nhiéu vao tap #Dataset3 (UAV bay ngang
duong day) do ¢ nhiéu ddi tugng nhidu
nén c¢6 hinh dang va kich thuéc twong
dong voi céac thiét bi can phat hién dién
hinh nhu lan can ctia chung cu, canh cay
dai va thang gidng day dién.

5. KET LUAN VA HUONG PHAT TRIEN
Bai béo trinh bay mot hudng tiép can hiéu
qua dé giai quyét bai toan tu dong phat
hién duong day va cac thiét bi trén ludi
dién cao thé 110 kV dua trén md hinh
Mask R-CNN. V¢i tap dir liéu thu nhan
thuc té trén hé thong truyén tai dién 110 kV
tai Viét Nam, thuc nghiém da minh chirng
hiéu qua cua thuat toan véi do chinh xac
1én dén 97%. Tuy nhién, véi trudong hop
dir liéu thu thap khi bay ngang duong day,
thuat toan con chua déap tng tot.

Tap dit liéu thiét bi sau khi phat hién dugc
dugc chuyén téi lam dau vao cho qué
trinh phat hién 15i (néu co) trén thiét bi, cu
thé: 15i thiéu bat trén chudi cach dién, 13i
chay xém trén day dién... C4c thiét bi sau
khi duoc phét hién s& duoc tach khoi nén
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va dua vao dé chan doan tinh trang thuc té
cua thiét bj.

Trong céc cong trinh ké tiép, nhom tac gia
Ssé tap trung nang cao hiéu qua thuat toan
trong phat hién thiét bj c6 trén hé théng
truyén tai dién véi cac ki thuat chup khac
nhau: trén xudng, dudi 1én va ngang
duong day.

LO1 CAM ON

Nhom tac gia tran trong cam on Dé tai
Nghién cizu #ng dung va phat trién cong
nghé cdp Quoc gia, thugc Churong trinh
Hé tro nghién ciu, phat trién va ung
dung cong nghé cua cong nghiép 4.0 ma
so: KC-4.0.31/19-25 dd hé tro trong qué
trinh nghién cizu va xay dwng thu nghiém.

(1]

(2]

(3]

(4]

5]

(6]

[7]

(8]

9]

(10]

(11]

[12]

TAI LIEU THAM KHAO

He, K.; Gkioxari, G.; Dollar, P.; Girshick, R. “Mask r-cnn” In Proceedings of the IEEE International
Conference on Computer Vision, Venice, Italy, 22—29 October 2017; pp. 2961-2969.

Zhai, Y.; Wang, D.; Zhang, M.; Wang, J.; Guo, F. “Fault detection of insulator based on saliency
and adaptive morphology” Multimed. Tools Appl., 76, 12051-12064, 2017.

Q.G. Wu, 1.B. An, and B. Lin, “A texture segmentation algorithm based on PCA and GMAC for
aerial insulator images,” IEEE J. Sel. Topics Appl. Earth Observ. Remote Sens., vol. 5, no. 5, pp.
1509-1518, Oct. 2012.

W.G. Li, G. Ye, F. Huang, S. Wang, and W.Z. Chang, “Recognition of insulator based on
developed MPEG-7 texture feature,” in Proc. IEEE ICISP, pp. 265-268, 2010.

Tao, X.; Zhang, D.; Wang, Z.; Liu, X.; Zhang, H.; Xu, D. “Detection of power line insulator defects
using aerial images analyzed with convolutional neural networks”. IEEE Trans. Syst. Man Cybern.
Syst. 2018, 50, 1486—1498.

Ling, Z.; Zhang, D.; Qiu, R.C.; Jin, Z.; Zhang, Y.; He, X.; Liu, H. “An accurate and real-time
method of self-blast glass insulator location based on faster R-CNN and U-net with aerial images”.
CSEE J. Power Energy Syst. 5, 474-482, 2019.

Sadykova, D.; Pernebayeva, D.; Bagheri, M.; James, A. "IN-YOLO: Real-time detection of outdoor
high voltage insulators using UAV imaging”. IEEE Trans. Power Deliv., 35, 1599-1601, 2019.

Yu, J.; Zhang, W. “Face mask wearing detection algorithm based on improved YOLO-v4".
Sensors, 21, 3263, 2021.

Zha, M.; Qian, W.; Yi, W.; Hua, J. “A lightweight YOLOv4-Based forestry pest detection method
using coordinate attention and feature fusion” Entropy, 23, 1587, 2021.

He, K.; Zhang, X.; Ren, S.; Sun, J. "Deep residual learning for image recognition”. In Proceedings
of the IEEE Conference on Computer Vision and Pattern Recognition, Las Vegas, NV, USA, 27-30
June 2016; pp. 770-778.

Kaiming He, Xiangyu Zhang, Shaoging Ren, and Jian Sun, “Identity Mappings in Deep Residual
Networks”, arXiv:1603.0.

Ian J. Goodfellow, Jean Pouget-Abadie, Mehdi
Sherjil Ozair, Aaron Courville, Yoshua Bengio,
https://doi.org/10.48550/arXiv.1406.2661

Mirza, Bing Xu,
"Generative Adversarial

David Warde-Farley,
Nets", 2014,

10

S0 32



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUONG DAI HOC PIEN LUC I
(ISSN: 1859 - 4557)

[13] Ngoc-Trung Tran, Viet-Hung Tran, Ngoc-Bao Nguyen, Trung-Kien Nguyen, Ngai-Man Cheung,
"On Data Augmentation for GAN Training", IEEE Transactions on Image Processing, 2020,
https://doi.org/10.1109/TIP.2021.3049346.

[14] Agastya Kalra, Guy Stoppi, Bradley Brownl, Rishav Agarwal, and Achuta Kadambi, "Towards
Rotation Invariance in Object Detection", Computer Vision and Pattern Recognition, 2021,
https://doi.org/10.48550/arXiv.2109.13488.

[15] https://github.com/albumentations-team/albumentations.

Gigi thiéu tac gia:

Tac gia Trinh Hién Anh t6t nghiép dai hoc nam 2000 tai Trudng Pai hoc Thang Long
va nhén bdng Thac si ndm 2011 tai Trudng Dai hoc Cong nghé - Pai hoc Quéc gia Ha
NOGi. Hién nay tac gia cong tac tai Vién Cong nghé thong tin - Vién Han l1am Khoa hoc
va Cong nghé Viét Nam.

Hudng nghién cltu chinh: nhan dang va xtr ly anh 2D, 3D, cong nghé thuc tai ao.

Téc gid Nguyén Thi Thanh Tan t6t nghiép dai hoc nganh khoa hoc may tinh ndm
1999, nhan bang Thac si nganh cdng nghé thdng tin ndm 2001 tai Trudng Pai hoc
Cong nghé - Dai hoc Qudc gia Ha Noi; nhan bdng Tién si nganh khoa hoc may tinh tai
Vién Han lam Khoa hoc va Cong nghé Viét Nam nam 2013.

Hudng nghién cltu chinh: tri tué nhan tao, hoc may, nhan dang va x{r ly anh.

S6 32 11


https://doi.org/10.1109/TIP.2021.3049346
https://doi.org/10.48550/arXiv.2109.13488
https://github.com/albumentations-team/albumentations

