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ABSTRACT

Purpose: The purpose of this study is to propose a system predicting whether an electricity distribution system
1s abnormal by analyzing the temperature of the deteriorated system. Traditional electricity distribution system
abnormality diagnosis was mainly limited to post—inspection. This research presents a remote monitoring
system for detecting thermal images of the deteriorated electricity distribution system efficiently hereby pro—
viding safe and efficient abnormal diagnosis to electricians.

Methods: In this study, an object detection algorithm (YOLOv5) is performed using 16,866 thermal images
of electricity distribution systems provided by KEPCO(Korea Electric Power Corporation). Abnormality/
Normality of the extracted system images from the algorithm are classified via the limit temperature. Each
classification model, Random Forest, Support Vector Machine, XGBOOST is performed to explore 463,053
temperature datasets. The process capability index is employed to indicate the quality of the electricity dis—
tribution system.

Results: This research performs case study with transformers representing the electricity distribution systems.
The case study shows the following states: accuracy 100%, precision 100%, recall 100%, F1-score 100%.
Also the case study shows the process capability index of the transformers with the following states: steady
state 99.47%, caution state 0.16%, and risk state 0.37%.

Conclusion: The sum of caution and risk state is 0.53%, which is higher than the actual failure rate. Also

most transformer abnormalities can be detected through this monitoring system.

Key Words: Object Detection, Process Capability Index, Thermal Imaging Technology

® Received 5 August 2021, 1st revised 1 September 2021, accepted 8 September 2021

t Corresponding Author(kangsungwoo@inha.ac.kr)

(© 2021, Korean Society for Quality Management

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License

(http://creativecommons.org/licenses/by-nc/3.0)  which permits unrestricted non-Commercial use, distribution, and

reproduction in any medium, provided the original work is properly cited.

# o] =2 2021W%E ARG A RN Ador AT AL-AAEY o] TA AAET A LA A& whof
FaH AFA(No. 64420-27)

# o] =i 20218 AR Ao ® AT Ad4EA FHI=BR21 ARtk Al o}l =3l Al

e
o



328 J Korean Soc Qual Manag Vol. 49, No. 3: 327-340, September 2021

: & 3 =
FFAGE Z7AG 2 fARSE S8 RO FshE PAskE o] AFHol
A4 de) Leizl fARS WHeRe e UENA Rahe &% L UE Ropol WWE wE AFHY
ool Ark whEhA dstg o] e A9l A A xde] FAdEE fste] B dAelMe E3b veR =
A o = 5'\_

] LU B S
A7} MR A8l Aol s SR elah ekl
g

2. o] &4 w7

2.1 A7|AkaL 93] &%+

EAIA A5 (Figure Dol W2 1714 99102 ek spAu|al7t Z7tshe FAlolth 201755 37t Fj3 o
L& 206% Z7}8+9) 1 (Korean Statistical Information Service, 2020), AR & 142% Z7Fsk5 tHKorean
Statistical Information Service, 2021). A& A<t vz Adn] FH Ald ] Hel Ao F-FAIZHS 212shd
Aol v AL oz Helrk wjdAdn] o] Alg|d 9 fFAEFY] T840l F7ketal AdFol%E A S

aEHQ drizo] o] FolAaL A e AAelth

Thousand Won

People
250,000,000 30
200,000,000 25
20
150,000,000
15
100,000,000
10
50,000,000 :
0 2017 2018 2019 0
: Year
== Fire Damaged Cost Number of Deaths

Figure 1. Status of Fire Damaged Cost and Deaths



Lee et al : ldentifying Process Capability Index for Electricity Distribution System through Thermal Image Analysis 329

)

e 7S AHELT} 2ol Aux| 9] el o= =] W e A
o @3 Fhlehs Ble] frok wAIglo] B A7 wakshs Aol A o] AfelE Faf oS AT
Mgk Aoe 2= g 471 fs) w4 Al ot
MUAE 952 WAksks W& -
Eloll A-8A1A AA <] deluAg AgetA 4T
¥

& 9 AL 488 5 gl ol

N

N
N
o
rlr
oL
oE
o
il
gt
oo
et
X0,

fuj

jlie4

tob
%0, ox
-

X,
L
N T
S
B

N, gl
o
o
=)

f
e
n
N
)y
1o
iﬁ-’,
=

4y Lo G
N
,NRJEO_EE&
A
e =
TET L
mo M X
S Sor= o
G2
ﬁ%éﬁi
N Eni
= o
HNFLWOFO‘Q‘
ok
[o‘UHRHHO
Hﬁmm‘rf;gig
S =]
o 2
ro%ghﬁ
Do W g
-
_>Tl_4t_<::‘ >,
rlof(-gr% :g
o DO HE
%8.@‘: =
o S H o
[ G R Y
c8r 2ug
ML ﬁi%m
b sl
i ﬁij‘i
oiml%[\;
lo o O
Mo S
o >
rE-{E—a
RO
e T >
o
R
:LPHT;
=
§ 5
=z T 3
A e
ERO
E_\;gﬁﬁﬂ
L=

o
ST
X
fols

32 ®

o
>
O:‘Ol:‘A‘

of
Qo

ol

ol

&

rlo

kT
ro
> =
N
N
N
)
olf
QL
ko
:Qg(
ofl
re
-
rr

W
U U_t_"
>
=

dror
K3
>~
2
ot
a

BN
Y
QL
=2
k1

~N
=
>
2
r U
o
1o
Au)
02
ol
e
3
il
k1
)
of
ol
B
sy
QL
2
i)

7
2k wl AR AR of e} mfo) e SolAledo] WAehs B o R A Ao

Ir
N
)
Y
T
o
o ofX
)
o
fill
=
AC)
ol
Jirt
et
4
¥
o
o
il
oft
:oé
2
=
)
>
rlr
o
o
o
4
K-y
=
e
rE
o
il
flo
Pyl
e
2
nt
of
ell)

>
=1
il
BN
)
z
RJ
)
¥
%0,
rl
o
>
=
AL
i
L
i)
ot
o
{12
>
)
A
X9,
o)

=

2.3 oW|A] B4 d3EE: YOLOvS

N

YOLOvSE AAIRE A AZel| AMgE = olv|A] A dagFolt. A A& o
FAEE vheE Hhs o th. YOLOvS= Al28l &9 A] o|u x| e} AAHo] Z3hg
U ARARE JEgroz vt} e ou]#]= Backbone, Neck, Head?] Al @41 A X th. Backbone T
= CSP-Darknet& A&l 4] 24 & BF%| 81+ Feature MapS A3} Neck A& 28)e Ao AR E 423
3l A% ©Al(Backbone-Head)E 23t} Head ©HAl= F%3F Feature MapolA] Bounding Box Regression
3} Predict Classes#¢12 $=383cH(Shi et al., 2021). YOLOvHE #4] AU B35S o585 Predict Class
2td ot A Ao ¥ g4 FA1E 8k Bounding Box Regression 2F1& $A0l Aas) 7} whErh= 43
o] o] vk S&AY FopollA &8 AUt

B dAdn] o] o] kS 913 Faster R-CNNZH YOLOv39] A8 3 £E& Hlalshe d5-E5 a8 thKim

et al,, 2021). #jAdH] o] A3d o]v]A] Hlo|HE Foll F 2 55 B 5SS AW/ EE mAP

o oldly] o]u|X|o|A] FA] A

H =

fru
rif
E
_0|L
kl
=
[
-0,
1o
13
Y
e
i
o
o



330 J Korean Soc Qual Manag Vol. 49, No. 3: 327-340, September 2021

2.4 3N

B0l ) FEY W, PAHE AF] FAUE LS ST A P AFANA A FA
o BA A slofof @u}. FAFAATE AFS AeE 49 5L 4RH 0 SHet
2 e

7} Atk(Lee et al., 2021). Cp= (USL-LSL) / 60 & A5

L — LSL
USL—LSL (1)
60
USL ; Mean 2)
o
Mean — LSL (3)
30

T From A THE Wdshs 72 v Table 13 #t}.

p

Table 1. Process Capability Index

Cp Stage Evaluation Counterplan
Cp= 167 Level 0 Very Sufficient Sirg‘;lset g:gifg?fm
1.67 > Cp = 1.33 Level 1 Sufficient Keep Status
1.33 > Cp, = 1.0 Level 2 Suitable Monitoring Process
1.0 > Cp = 0.67 Level 3 Poor Improve Management
0.67 > Cp Level 4 Very Poor Review Fault Investigation

B el WA BUEPS slete] GATE W] o4 A A2HS FHeAYOH o]F B
93 FASAAFE EetiAt Gk Ao FASAASE 4 AR Foll AR, Dok olnle]
) A BE % gk BFAR, USLS Tde A

3. e

ol Aol M= & =l Agkshs s HA T A AlaEE ARtk JA] Al 2E2 Figure 29014 7)<
_]



Lee et al : ldentifying Process Capability Index for Electricity Distribution System through Thermal Image Analysis 331

31 3.2 3.3
o Object Detecting for Data Preprocessing for
Collecting Thermal . B . . . X
. . Electricity Distribution thermal images of the system:
Image of Electricity

System Extraction Extracting, Complementing,

Distribution System

based on YOLOvS Correcting, Labeling
3.4 3.5
» Monitoring and » Analyzing Process Capability
Evaluating the System Index of the System

Figure 2. Methodology Process

3.1 vijiddn] Fsp ojulr| 4

B =M d3tR Q1w o] o] RUE Y A2E AAE el T dlolHRA g gAatd A A
TS 640+48031 =] 16,8662 D3P oW A& ARSIt A% dlolHE Isttigtul 7 o4 FLIR A
©] FLIR E5-WiFi @3} 7hvlete e s Adn] Al2=gle] ofn]] gloJgjolt). WALE R Q18 e A= FA3}s}
7] Y&l NS Lol wkEz o7 #E9ds)] 832749 120+90 A= I3 on|AS At

3.2 jHAM] 27 A% : YOLOVS
2 =Rl A YOLOVSE B83t0] 43bd olvlAolA] ek G AEshs A28 Adiin Held 71w A4
AE B9 5 ojvA] Ay 27} mEnkal J7Pik= YOLOvHE Ao EX, v d Al 2~|l o] 4] K321 WSt ]&
R4 AN YEHDA B, Fgwre 3& AR oA IS BRGE 2 2S EART Aol A
I

A< 2ol YOLOvhE He7| & F3kete vl A28 3t o]n A& 9]

Neck %ﬁl% 238 Feature Map *3"4 et ZqzﬂJJrXq S 7%t} Head @A ol 4

o
N
B
ol
=
o)
i
O
E
Ji
Zi
o
fru
™,
é
QL
jL
Fot
i
2L
o,
oX,
i,
T
i)
é
=
[
>
1>
X&
ox
o,
=
D)
)
jins
i)
o)
o
ftl
iy

Input Image
1

Backbone
)

Neck
¥

Predict Class
Head <
T .

Bounding Box

Output Image

Figure 3. Object Detection Algorithm using YOLOv5



332 J Korean Soc Qual Manag Vol. 49, No. 3: 327-340, September 2021

3.3 3V oln|A] HA

AR Gl M E MA719) o RUHBS Faat7] s dshd onA] HolHE
dolHE Z4 @99 &% #& Yehli= CSV Formato 2 W3hslal, WAl&S 1123
AAE @A F 3YAR Y Figure 45 39719 dAAe 34E& =453 zgolu)

3.3.1 CT1 | CT2 | CT3 |Limit Temperature | Target
Extracting 12.87 [ 13.31 | 16.17 55 0
Temperature 12.1 [12.54] 15.4 55 0
332 12.65|16.61|15.95 55 0
Complement ing 12.21]12.65 | 16.61 55 0
Missing Value » 13.42 | 13.75 | 17.27 55 0
B3 59.42 | 59.68 | 55.35 55 1
Correct ing 56.98 | 56.53 | 58.09 55 1
Bnijssivity 56.94 59.73 | 57.8 55 1
. 58.94 | 56.3 |57.23 55 1
3.3.4 58.7 | 56.76 | 58.42 55 1
| lebeling 57.52 | 57.95|57.59 55 1

Figure 4. Preprocessing

3.1 2= g 3=

3.
2 Ao e W] 85 E AT =Y 9al FLIR Alell A A8k FLIR Tools® 58 o|w| A& A4 2|

t}, o] ZZ AL YOLOVS AZE g3 ovAY Fxd dFste 255 dolHZ g ds)sit

i
ot
2
N
=
—_>‘J—”4

3.3.2 25X B&

YOLOVS7} A&8H 28 AAle] thslie F7h2 A5 ueh A94e Agar), AFe ¢ A4 Lni
NulghO.2 A% AeHEE o} g skl AR 5H oAS F2E vIAE A HTA A= L

o gAY 252 Bk dabe ote) darelF(Algorithm 1D 2,

Algorithm 1: Supplement Procedure for Object Detection Missing Value in YOLOv5

Input: TID : Thermal Image’s Temperature Data
ETDmv : Extraction Temperature Data of Coordiantes Obtained by YOLOv5
(Contain Missing Value)
QOutput:  ETD : Extraction Temperature Data without Missing Value
Procedure: for i in range(len(ETDmv) :
if ETDmvl[i] = ‘null’ :
Replace ETDmvl[i] according to TIDIi]

ETDmv = ETD
else :
ETDmv = ETD

return ETD
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Table 4. Optimal Hyperparameters for Each Algorithm

Ramdom Forest Support Vector Machine XGBOOST
n_estimators 10 C 0.1 max_depth 3
max_depth 6 gamma 1 num_boost_models 10
min_samples_leaf 8 kernal rbf eta 0.1
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Table 5. Used Algorithm and Evaluation Value

Random Forest Support Vector Machine XGBOOST
Confusion Matrix True False True False True False
True 168 0 168 0 168 567
False 0 93,333 0 93,333 0 92,766
Accuracy 1.0000 1.0000 0.9939
Precision 1.0000 1.0000 0.2286
Recall 1.0000 1.0000 1.0000
F1-Score 1.0000 1.0000 0.3721
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