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Article Info Extended Abstract
Introduction

Power transmission lines are essential components of modern electrical networks, playing a
2024/10/11 crucial role in ensuring a continuous and stable supply of electricity to various sectors, including
industries, homes, and essential services. Insulators within these systems are responsible for maintaining
the necessary separation between electrical conductors and the supporting structures. This separation is
2024/11/12 vital for the reliability and safety of power networks, as any failure in the insulators can lead to serious
issues, such as power outages and safety risks. Insulators are constantly exposed to various stressors,
including mechanical wear, harsh environmental conditions, and electrical surges, all of which can
2025/01/13 degrade their performance over time and lead to faults. Traditional methods for inspecting power
transmission line insulators are not only labor-intensive but also costly and risky for workers, as
they often involve climbing transmission towers or using ground-based equipment like binoculars
2025/01/13 or cameras. These approaches are time-consuming, prone to human error, and limited in scope,
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T leading to inefficient maintenance and the potential for missed faults. The increasing complexity
Keywords: of modern electrical networks demands more efficient, reliable, and safer methods for detecting
Power transmission lines, insulator faults. As such, there is a need for advanced solutions that can overcome the limitations of

Insulator, traditional inspection methods and ensure the continuous operation of power transmission systems
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UAVs equipped with high-resolution cameras
provide a safe, efficient, and non-invasive way to inspect
large sections of transmission lines, eliminating the
need for workers to scale towers or navigate hazardous
environments. The aerial images captured by UAVs
are processed using the YOLOv8 model, which detects
insulators and classifies them as intact, broken, or arcing.
YOLOvV8 model is selected for its real-time object
detection capabilities, speed, and high accuracy, making
it particularly suitable for analyzing large datasets in a
short time frame. The method involves capturing aerial
images of transmission lines, labeling the insulators
within the images, and using this labeled data to train
the YOLOv8 model to detect insulators and classify their
condition into three categories: intact, broken, or arcing.
Once the model is trained, it can automatically analyze
new UAV-captured images to identify potential faults,
significantly improving the efficiency, accuracy, and
cost-effectiveness of power line inspections.

Results & Discussion

The results of this study demonstrate that the
proposed approach is highly effective. The YOLOV8
model achieved an overall accuracy of 93.9% in
detecting insulators within the UAV-captured images.
Furthermore, the model demonstrated an impressive
99.2% accuracy in classifying the detected insulators
into the three predefined categories. These results
suggest that the YOLOV8 model is not only capable of
accurately identifying and classifying insulators but
also of distinguishing between different types of faults,
such as broken or arcing insulators. This high level of
accuracy ensures that potential issues can be identified
early, allowing for timely maintenance and repair before
they escalate into more serious problems. In comparison
to traditional methods of monitoring power transmission
lines, the UAV and deep learning-based approach
presents several significant advantages. Firstly, it offers a
much faster and more efficient means of inspecting large
areas of transmission networks. UAVs can cover vast
distances in a short period, and the automated analysis of
the captured images further reduces the time required for
fault detection. Secondly, the method is highly reliable,

with deep learning models providing a level of accuracy
that far exceeds manual inspections. Thirdly, it is more
cost-effective, as it reduces the need for manual labor
and expensive equipment while minimizing the risk of
accidents and injuries.

Conclusion

In conclusion, the use of UAVs and deep learning
models, specifically the YOLOvVS architecture, offers
a powerful and efficient solution for monitoring and
detecting faults in power transmission line insulators.
This approach overcomes the significant challenges posed
by traditional inspection methods, such as labor-intensive
processes, high costs, and safety risks to personnel. UAVs
allow for quick and comprehensive coverage of large
transmission networks, while YOLOV8 ensures highly
accurate and real-time detection of insulator faults. The
combination of these technologies provides substantial
benefits in terms of accuracy, speed, and reliability,
significantly reducing the likelihood of undetected faults
and enabling timely maintenance. Additionally, it is
a cost-effective approach, as it minimizes the need for
manual inspections and emergency repairs. As electrical
networks expand and increase in complexity, integrating
such advanced technologies will play a crucial role in
maintaining the stability, safety, and security of power
supply systems in the future.
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2- Cumulative layers
3- Fully connected

4- Learning rate

5- Batch size
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1- Positive Predictive Rate
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3- True Positive
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6- False Negative



(A=) 2bdlas Oldbl Jbagh — sole dolilad
0/ . gl 3l ooliiwl b gy JUl babs sbro yio diaiigh inly

ﬂ)ﬁj\.ﬁﬁﬂe;\i‘.‘m|L:;.on;u‘gPjLuajuuazéa&Sda%‘gbl.g/\".‘ﬁdmd\g‘jﬂ&q’lﬁj}jﬁd.’wabtv‘l’k

bl eds ol <s bl cds ESPRIROEN »
(Cls-RGB) (Cls-RGB) (V8n- RGB) (V8n- RGB) o
- - JAYNA JAYYA Wl
- - TAL/A TAL/A ey
JAVYA JAYYA /41/0 /43/0 LS Js

b e o g odla o jie jasls S 5o b Cae guadd 5 jads ddby 55 5o Ad s Jde s Adgas

‘_;J;..Su(}h.dﬁ‘,l.éjluuul

PIEECER Figel b bl s Higel b »
(Cls-RGB) (Cls-RGB) (V8n- RGB) (V8n- RGB) o
- - YA YANYA% e
- - /AV/0 JAV/0 O sere
JAVNC JAYYE! JA A 74Y/1 la S IS

Sls K3 (g 3 (Zeger & Grgit, 2020) 1 5 o OGS
3 2 3 S Sl mle 4 S sl
T PN PO I
e S S s 58 3 5 baesls Sk 2alS
GRS 53 G850k sladie B (il o s
adlae cpl 53 oS HsbOlen st e GAuadD
G G S polas ) eslinal 3 g VL s g
33l e Sl ot sdalie S5 slal 4
bl SSE g IS 4w 3,8 Lt s b Joe
I Sl 0 ie (535801 5 e (SanSlE (dlo i
GOS0 5 Q) Jslar 3 @S 7ol 5 (S,

el ol

..,\,'Sjl'a.,\,:g:?;j@Y}bbdh&ﬁb%})yﬁﬁj@)é
9 ..L;)‘b JL:LS&?.L@.J LgJMSb- J..:JLAS c&uﬂ PL

cwdaoﬁ?bbJLﬁ::))C)Mw.jafjﬂwa‘jﬁb
Coo 2 e i S s ng el 4l ol S
5 se S S 5 sl e Wil sAIS sba S5
S skl s Sy 5l F o g AeSE sk
BE) ;;;'T’J C‘f;wv‘ LS‘J’ aJiw ﬁLw J")"u-ﬁ)d"k’ﬂ{
5 o ,de (pioman 3513 gy By S Ol glas
53 Sl i S5l Gbls e ol L ks e o pee
J?Méﬁébﬁj@))ﬁm&‘ujjaﬁ

ﬂ)ﬁj@j‘ e;%‘bw%%\gd&@g%db;bJ:A)ﬁ Jde cds Zid}.&?

bl eds ESTROEN bl cds RSP ROEN 9
(Cls-RGB) (Cls-RGB) (V8n- RGB) (V8n-RGB) o
- - YANZA¥ AN e i
— — 1AV/A /AV/A Sl
— — A A A 03551
JALYAS /a4/Y 741/4 741/4 L ois IS




VPP Olunl AYF okl XFo 90 Lan—) oldl i Oledbl Jiags - sole dolilad

Scientific - Research Quarterly of Geographical Data (sepenr) V0.34,N0.134, Summer 2025/ 4%

‘5}2.\5\5 {_,Jﬂ.wﬁj\.a}'ﬂ AAL&»|QU~}\SM\Q‘5&@‘9 Mdb‘gb)b/\ﬂﬁ Jde &ds I\'J}Jg

b s el 23 LS ESTA RO
(CIs-RGB) (CIs-RGB) (V8n- RGB) (V8n-RGB) NS
- _— JAY JAN (s o e
- — /44/0 /44/0 e
- - ALY JALIY 63351
JAYYA JAYYA 74Y/4 74Y/4 s OIS IS

) mamer (Sl oS 5510 5lrs die Sl B
e jsba .l o KaS s el ola S 4 e e
Wl il o3l Sllug Sassal Sd iy Slsse S
AL (6 S0k F 5 SRl 5 el (S

S g0 odalio (-\)GJK.':).)/\‘}SJ_L Jde d:)'ka;';r.:.a
ladde cpl i3s3 ls AST Jue cpl clin (25500 a8
Sl e SIS e 5 st bl G
SIS die s el il a5 L Jas 2l
el Je SIS e (sl yline

b S 0 b DS aoie s ()5

Sl Sl SIS ol Gras Jde Jiigel s

el G S50 de S LS s Shes
B ui,)'j,ﬂ soewe el ol Glasad s eld s
Jde 3 b e jlide Ol poxs a5 aenslael o
g la e opl dias e OLES |y Jde (6,850 Aol s 5o
(Yu & Zhu, 2020) Las OLES |, ui‘J‘f.VS 3 ol
G Js b a5l 55 sel glaesls g5, Js 35 S
skasylis (les b b L alS aeen jlael (glacsls

o O B NS Gasis sl 55ael Jlgy 55 A e bl 5 St Sls ges N, K
o kd iy a5 gla WIS ghuaid



(A=) bl i Sledbl Jiagss — sole dolilad

QY /e glias 31 oolisiw! b gy JUisl bohs glao yio sioiisd il

aiS s sken W] S sen SSE 5 e
bl sl o g lie ol S STl slagisle g
o S35 Ol a0 oS Sl ol 55158 (VE)d g s
sl ol 35 o> DD lade alul  s3lgi
AST b iy sl b aglie 55 lae ie Lol jasis s
L oslgiing oo o amlis Sl 500 (V) o5 5 3l
bl &) seas (Miao et al., 2019) 5 (Li et al., 2020)

b},&‘ja odalin

G20l 3 e jie g parduds uli N Ed g
S5 e e g5 5o Py ple bawslis )y glgdn

(et Lo o0 Sl g s sl e Oljea jaseds

e ol il 0 pdor 3 s o 0L 1 A
53 OV dsd) 558 o0 odalin yals aiby LA,
($lgiy 25505 2B @ 0o g sk 4 i
o5 opl o3 edd eslanal Gla g,y plo b fols =l

sl 0 anclis (Miaoetal., 2019) % 55 sl

Gy 59 53 Gees A el s V) J

Qe g g g gl &

i | e | (Sl | (Kase | Gees s
A AN A% ARD S A,
ASAN AL AXE 74\ cls-A s

Aty | S | cme | SIS o9 gatts saby LA de plgl g Sle N YDl
S5 | AW | ey | Ay SSD o | KaSs | ST | e/ 2
x| A | odary | A SSb . . Iva S35
s I/ A0/ AL V3, . T . M
=S5 | raoa | zave | zavv | FR-CNN av . s L
P YASYATE BARE A) cls-A 5
=SS | avA 741 TAANY A s Adg dds p e s3lgiim 3, olel o 5L AV g

J‘"A}}i &Ji‘ BE) nﬁwuﬁ LSLAQ")) Lsi‘JLs CJ.O JJ}JD

Sl Sy plcass b 0 by e Jol acor an o
J._’JL@J )" gj""’)"’ C)L:SJ;- ERERE L;LA‘_;}:J C‘J}';:M\
Cs il Gl S Ao Codgdee )b (solg
A}jﬁ deﬂ\SL;b- DL cg;.w‘ Lﬁjlﬁ} Lﬁbjiﬂ &_{}:)s
&3 Kb asls 55 Sde e, cess
Adg Jdo &5 Jl>= 55 (s L, e nslas
il glaaoly 5 558 ate Ll pd 5 la B, 0l p s
SRl Adds 8 J s i e 2ds el s
03 e Oli s 1Ol as I b agarlse s (g i
233 FUA P e 5l (5 S0 e b ol ) e

aiby b iS5 G mone jadeld S o

sanb
| KaSs | S8l eot/ o
. . ALK S35,
. /4) 74 S
/84 ~ ~ Ju

SLacSS L, KT TSSD 1 eslizal L cllis o0l s

5 Al G Golee S Olgea o8k
Ol 53 Gl o 53 G35 wdas 51l S8
oasis S350 5 KanSs dexr Sl ojie gla el
Losslein oo 00 mld (ormmen ol el a3l
Saas (S 5 5 st S (Lietal, 2020) (golgins Iy,

1- Confusion matrix
2- Single-Shot multibox Detector



VPP Olunl AYF okl XFo 90 Lan—) oldl i Oledbl Jiags - sole dolilad

Scientific - Research Quarterly of Geographical Data (sepeHR) Vo.34,No.134, Summer 2025 / A

Lo e b 53 golguin 595 Geee S ok Jbo 5 ikt ladde s anylis s 5o Ve,

5 bl ad 4 e ol (S JUS Pl L
ulg s s baesls by cews GHL e, bods
2 Nl e 58 Ol 5o sl 5 S56 glacys sde
32 e il 20K 5 sl gt 5 eslinud
LN O RCER VU IR tH P PR T AP B
O e3a A 03 s e el IaC s g
oskea S0 A Gn Grees Sk aiy Jus Sl
Dl ol oslital b jde e Guadb 5 jaslS
il Ay Jde &S das e 0L el sy il
Cmomed B> yaskll |y e ae JAV/A s Lo
Slae ie gk js YL UL /44T S5 L Jue
5 3bay rsbal Sl eslizal (al el 0L Cgeme 5 WL
oMo (oo s S5l sladie Sl eslizal L Lol 3jls
G5 e o 36 0 ble g3 BB 235
7 el R Slles laa e Al
Jdsa hass ul 03 G AS slal ol ol e
S S5 S 5 e S 3 5 baesls Sy a6
2L & Do S S el 5 e il S

oS g b Sl i ng.l.l.;u_éUm_}\) Cs p
Sosle ool p o JUl bkt 3 Lae jie e

S 4o 4
Slaoie s (aiiS 5 Gk sl i S
sbddey sl pslal 5ol L G Jlal b gl
bojis Vb Cuadl w0 ar g b ld &1 Gres s 500
5 ook Gp sl Dl 5 meeo 5 Sles o
Sosre Sl Dlne Gl Cae B 4 el
o3 a0l UL baujde 2l e sl sy o
W o3 sk pl e Sl Okt Lol es
LGn Jlml bsh glae e e Sl 5 (2
=l LSl s pe Sl Al sl ) esliza
53 Ladgdeme 3sd e 3ol b Jald oS es g axlse
($5H G a5 5L b s Sl Ol e
OLL b debeasl (o Lailpd ((ls 0 ol kS
LS dgdeme 1y WSl sl Ll e aSal Sk
sible 5o eha slg 5 510 Ol LS oS



(A=) bl i Sledbl Jiagss — sole dolilad

A4 /. glias 3l oolisiwl b gy JUisl bohs glao yio sioiisd il

References

1- Ahmed, F., Mohanta, J. C., & Keshari, A. (2024). Power
Transmission Line Inspections: Methods, Challenges,
Current Status and Usage of Unmanned Aerial Systems.
Journal of Intelligent & Robotic Systems, 110(2), 54.

2- Alomar, K., Aysel, H. 1., & Cai, X. (2023). Data
augmentation in classification and segmentation: A
survey and new strategies. Journal of Imaging, 9(2), 46.

3- Antwi-Bekoe, E., Zhan, Q., Xie, X., & Liu, G. (2020).
Insulator recognition and fault detection using deep
learning approach. Journal of Physics: Conference Series,
4- Bhola, R., Krishna, N. H., Ramesh, K., Senthilnath, J.,
& Anand, G. (2018). Detection of the power lines in UAV
remote sensed images using spectral-spatial methods.
Journal of environmental management, 206, 1233-1242.

5- Chang, R., Zhou, S., Zhang, Y., Zhang, N., Zhou, C.,
& Li, M. (2023). Research on insulator defect detection
based on improved YOLOvV7 and multi-UAV cooperative
system. Coatings, 13(5), 880.

6- Hao, Z. (2019). Deep learning review and discussion
of its future development. MATEC Web of Conferences,
7- He, K., Zhang, X., Ren, S., & Sun, J. (2016). Deep
residual learning for image recognition. Proceedings
of the IEEE conference on computer vision and pattern
recognition,

8- Heydarian, M., Doyle, T. E., & Samavi, R. (2022).
MLCM: Multi-label confusion matrix. IEEE Access, 10,
19083-19095.

9- https://github.com/ultralytics.

10- https://roboflow.com/. https://roboflow.com/

11- Hu, H,, Liu, Y., & Rong, H. (2022). Detection
of insulators on power transmission line based on an
improved faster region-convolutional neural network.
Algorithms, 15(3), 83.

12- Hussain, M. (2023). YOLO-v1 to YOLO-v8, the rise
of YOLO and its complementary nature toward digital
manufacturing and industrial defect detection. Machines,
11(7), 677.

13- Jiang, P., Ergu, D., Liu, F., Cai, Y., & Ma, B. (2022).
A Review of Yolo algorithm developments. Procedia
computer science, 199, 1066-1073.

14- Lei, X., & Sui, Z. (2019). Intelligent fault detection

S ol odd Lo b Sl lesls £ S,
St 2 5 s Ll eslinad 3,se sladie
3L S S ol s s a5 ) Lee e s

Al s | O sl

AJ»'G*T ‘Squs -0
S 33 g 0 X3l e oS 300 3 g 5 o] Sl
LSL‘MJ\) C}J 9 = U’:“'f“J'e‘ AS KaLS LSJLQ"":"‘.:'. U’i'jj
B —alisho L;.LL..A J\ J.'Z...:..:; J—ijl-sa.; )‘ oslaiul L’ L;.Z:)‘}AT
Sy w0 Llg e Dslime (ol p el kil Co
sladde S 5 3 eslaal wj p kS SGS badde s
S e S GRS e Sl
Lol o baolg sl eslanal 5ed als Cds
G123 53 fah phy ST ASS 5 SV kS
s by S35 ol 4 a4 LIS e 5
bzl L Koot il sbable vy a8 S&S
c&ijéd ) pod aesls Jlasl 9 JSGJM: ULJ\JJJ )‘
e a 2SOk Jals 5 SIS Tl 4 Ll g e
s Sl pslal b S sl S5 S S
Lﬁe;iﬂCquULﬁdﬁf&wa‘Mj@ﬂM
o8 ey bl O eSSBS (,.;a\Ja
2 Gl S e s Slkes Gl (ole
o s Blg e S el 3 5 3l Gladases

8\;.4ij
S s gy mle ol 5 Jlo el sl s


https://github.com/ultralytics
https://roboflow.com/
https://roboflow.com/

VPP Olunl AYF okl XFo 90 Lan—) oldl i Oledbl Jiags - sole dolilad

Scientific - Research Quarterly of Geographical Data (sePEHR) V0.34,N0.134, Summer 2025/ \ « »

23- Sadykova, D., Pernebayeva, D., Bagheri, M., & James,
A. (2019). IN-YOLO: Real-time detection of outdoor
high voltage insulators using UAV imaging. IEEE
Transactions on Power Delivery, 35(3), 1599-1601.

24- Sampedro, C., Rodriguez-Vazquez, J., Rodriguez-
Ramos, A., Carrio, A., & Campoy, P. (2019). Deep
learning-based system for automatic recognition and
diagnosis of electrical insulator strings. IEEE Access, 7,
101283-101308.

25- Silva, 1., Spatti, D., Yoshizumi, V., Lopes, S.,
Flauzino, R., Tavares, B. D. L., Barquete, A. C., &
Honorato, W. (2022). Condition Monitoring of Power
Insulators Using Intelligent Techniques—A Survey.
2022 IEEE International Autumn Meeting on Power,
Electronics and Computing (ROPEC),

26- Wang, X., Gao, H., Jia, Z., & Li, Z. (2023). BL-
YOLOVS8: An improved road defect detection model
based on YOLOV8. Sensors, 23(20), 8361.

27- Xu, C., Xin, M., Wang, Y., & Gao, J. (2023). Design
and Implementation of Transmission Line Insulator
Online Monitoring Platform Based on Image Analysis.
Journal of Physics: Conference Series,

28- Yu, T., & Zhu, H. (2020). Hyper-parameter
optimization: A review of algorithms and applications.
arXiv preprint arXiv:2003.05689.

29- Zeger, I, & Grgi¢, S. (2020). An overview of
grayscale image colorization methods. 2020 International

Symposium ELMAR,

COPYRIGHTS

of high voltage line based on the Faster R-CNN.
Measurement, 138, 379-385.

15- Li, X., Su, H., & Liu, G. (2020). Insulator defect
recognition based on global detection and local
segmentation. IEEE Access, 8, 59934-59946.

16- Lin, Y.-T., & Kuo, C.-C. (2024). Real-Time
Salt Contamination Monitoring System and Method
for Transmission Line Insulator Based on Artificial
Intelligence. Applied Sciences, 14(4), 1506.

17- Liu, Z., Wu, G., He, W, Fan, F., & Ye, X. (2022).
Key target and defect detection of high-voltage power
transmission lines with deep learning. International
Journal of Electrical Power & Energy Systems, 142,
108277.

18- Miao, X., Liu, X., Chen, J., Zhuang, S., Fan, J., &
Jiang, H. (2019). Insulator detection in aerial images for
transmission line inspection using single shot multibox
detector. IEEE Access, 7, 9945-9956.

19- Newton, D., Yousefian, F., & Pasupathy, R. (2018).
Stochastic gradient descent: Recent trends. Recent
advances in optimization and modeling of contemporary
problems, 193-220.

20- Qiang, H., Tao, Z., Ye, B., Yang, R., & Xu, W. (2023).
Transmission Line Fault Detection and Classification
Based on Improved YOLOVSs. Electronics, 12(21), 4537.
21- Qiu, Z., Zhu, X., Liao, C., Shi, D., & Qu, W. (2022).
Detection of transmission line insulator defects based
on an improved lightweight YOLOv4 model. Applied
Sciences, 12(3), 1207.

22- Reis, D., Kupec, J., Hong, J., & Daoudi, A. (2023).
Real-time flying object detection with YOLOVS. arXiv
preprint arXiv:2305.09972.

©2025 by the authors. Published by National Geographical Organization. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution-NoDerivs 4.0 International (CC

BY-ND 4.0)




	_Hlk178311974
	_Hlk178312022

