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A Study On Power Data Analysis And Risk Situation
Prediction Using Smart Plug

Se Hoon Jung*, June Young Kim”,

ABSTRACT

Jun Park”*,

b

Seung Min Jang””, Chun Bo Sim

It is that failure of equipment at the factory site causes personal injury and property damage. We

are required a real-time monitoring and risk forecasting techniques to prevent for equipment failure. In

this paper, we proposed a 3-phase smart plug and real-time monitoring system that can be used in

factories, and collected environmental information and power information using a smart plug to analyze
the data. In order to analyze the correlation between the risk situation and the collected data, we predicted
the risk situation using Linear Regression, SVM, and ANN algorithms. As a result, the SVM and ANN
algorithms obtained high predictive accuracy and developed a mobile app that could use it to check the

risk forecast results.
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LM E

2PhE 7149 WA wet 2nhE 7]7150] 39
o Qg oma thepdt Fokol 2pEm 9l
. b AL TV 5 AAAEET AT
ek 717, Mu Halzcﬂ srhEsE T gl
[1-21 20119 oA AA AT Witel) T $-

guiehs AA ouA o 97%F £l £
2R Ui Aol EEF A S olm, ol

€ A= ALHL vk 2ntE B AFs Al

o

BEE St wheb Y Ag-wFo] Fhsta

e | P B N B 2 = s e e S B i
K33 A E8FHoE AHLS AR5
20tE 8 E &l AFEI Jvh4-5]
ag=s 52 714, 1T 7]

s
l‘[F

]

e

[

=T )

&2 AHGRE 7%
3 oz Au}E =
& AT} gol %

Zol7] M E Ea
o] glou} A=

A&

oo

&
,]

NP
Hrﬁiﬂflmﬁ%

E_IXE

X
=
%

o] © -
HYe e

v

% Corresponding Author : Chun Bo Sim, Address: (57922)
255, Jungang-ro, Suncheon-si, Jeollanam-do, Republic of
Korea, TEL : +82-61-750-3830, FAX : +82-61-750-3834,
E-mail : chsim@scnu.ac.kr
Receipt date : June 15, 2020, Revision date : June 15, 2020
Approval date: June 19, 2020
" School of Creative Convergence, Andong National
University
(E-mail : jungsh@anu.ac.kr)
*r Dept. of Multimedia Eng., Sunchon National University
(E-mail : kjoone3k@naver.com)

o Dept. of Multimedia Eng., Sunchon National Uni—

versity (E-mail : todnehfdl @naver.com)

" NARAE INFO. Co., Ltd.

(E-mail : sun@nrinfo.kr)

Dept. of Multimedia Eng., Sunchon National University
% This paper has been written with the support of
Jeollannam-do (2019 R&D supporting program’ operated
by Jeonnam Technopark). and this research was supported
by Basic Science Research Program through the National
Research Foundation of Korea(NRF) funded by the
Ministry of Education(2017R1D1A3B0303537914)

haaaas



A0IE E208

3 YA Wk 7)E AT E o] E 98 AntE
21 71€S &85t tr|dd e AdsAd A
A0l T 75 Zgate] Ao g A+t
AP 3 Utk 2utE F8 e AFo| AHEEA &
S u AFo® HAL ADdea AnHY B A
EAFe] ARG AR gro] doF AAH S AFdt=
5o FAE 71%E E V1€t whEbA 7]
A AFel s 2ntE Y 2UEY &
Agatel RUEY 9 B4 7)E, 944 1Y &
o] 7l%se AFstes 7171010

v 7ol A ARESEE 71710l A B EkE o
MG RT 24T 2L gFE ALA AR EE
7] Aol Btk ofo] ®lg] AFHIA A 2PE
EY 1 A" e HAdA AHEHE 2FE F8
Al z=glo] F2 AFH FAANA AHEEE 2HE
e Alz=Ele] A7 vug dgolth e
B7F A3 BRG A2~EE A o] HAE S
73 1 A8 =7t Ektﬁé}i A I3 7t Ly
7Fsgdol vl Atk & W?A A e
2 B g A uJ H%— 171Ui u <]
AN RUEY, 3 8 l% 71€E SleiA
o] AN HolE &
Ao A3t

B =EAME DoTAME 83t

il

o o rix r

¢

i

2

)

[o

H:] ﬂllm

L ra

£

ol Ok off
hs)
[
=)
m

>
>
o

o

[
£
e
£
2
e

g 2 o x

-

Moo M
T oduod
OE-[EC*O
_?L
o
puj
2

i ye

iy
o

uj
o
—Y‘—!'
my
ul
)
o
S
>

k)
Im

i3
v
[
i
2
iy
K
o
Al
M

=
o
Fﬂ
1
(i
N
i

M ore or

il n [~

fy

< AABH, 3ol A= At

AR AzE T4 8 ke

>
3

%3.11 H/W pS| 1
H/W T78E& AAstL, 4o s ~0E 281 H
o HolE &4 9 A 4R A5 ANz dad
ol tisf AAR. vpAEto 2 5FoM 2ES W

=212 X
=0

it
X
2o o

0]

=l

al o
= TI

&2 HoIH =24 871

2. mE o1
2.1 M= Hojg &AM

[8]94 °ﬂ?°ﬂth Hﬁxdéjiﬂ OM by sts vk
E X EE oP"iB} + 5101 7t 33AA B
1] "ol (COS, 7 a7, 7l#H 7], &

M DA, AF)sh 71 eolE

LALASAN

£
L)
N
2

71

il
it
-
)
ol
2
o
QL
i)
el ox
B

gelstdal, Cosel gk
1.6%2] AE=E A

o=

Memory)”Z] 8+ <1

9] Zol= 370 %

Bl 2} 2,00071 2] ]4‘:

ATFAT} 97.7%2] %

Hl A dkel] A EAY OH:—

& AtstEnt. vyt

tlol g

3 Al

A =

A8, A

OVE} A se} o]y

o]-&3lo] o] FAr
75_

HMHE Oﬂ?e xls@smau}

B
—Hr@ug Fall Fupnk Al 25l
Q1 EPS(ErrorPrediction System)<
st Tk A EE Al 2wl o] Y F A
2= HolHE EUE A9 E
g ol A 57t AT LA EE

pS|
??i
&, b
Ll
o
=

A
=4 =S

o] 83}
A2
71748

2¢ 31%

HEw

20104 1€ ?:,_‘

A ATHLERY °ﬂ§%}°ﬂ FAHH IJAREYS

Aot dYFa dF FYEE Hrrsta [12-

13]19] ¥+ K-means ¥18]E2 EAH S B3}

o & R MY dHolEE 435 o)dH s FF

T e FH2EHHY oIEAHE AIsHAT At

3t S8 2EHE Z2AM22e H¥E K-means &3

?]&L 7|Hko 2 Row Data Level, Clustering Level,

User Interface Level2 F 3 Level2 T3t ©¥

=
_
L
1_

73
32
2]

=
=

irLrSL_.HrEml
—1>Hi

[o

l



872 ZEOICINES ==X M23H X7=(2020.7)

HolHE £F/ 2 £4& Jgsgen, F 4719 A
=34 AFE A4 R 4
o] 3 ZHAo AA ulolEl thH]
7 05% 4&s eIt [14]9 Ad7& M9
219l NILM((Non Intrusive Load
Monitoring) Al2®l9] A5 L=3E 28] Al=EH
HF d EF7] ZdE AR Add nde
MFCML-LSTM(Multi-Feature Combination ML~
LSTM) 7]8te] 28 RNN 722 Jd B4 L8 5
3 7171 /& APsten, 71& B¢ GRN
© LSTM 7]Rke] BT 3~10% °lde] d5F
A& ®Holm 9~100%2 H &=} 93~100%2] Fl1-
Score 45 < BT [15]¢8] A& 7stgtd ez
F7betE dlolE o mE AL 93 3tF 715k
2utEIEE HY oy B4 A~"E A
o F A2’ SkEe] B A A “351
F2E o]l &dte 48 P8t o, 1097
ALEFES 71RO 2 BAF dolE o] 28} H]JJ-
7 ofF 3~5uf T WE 24 £5E5 EYrh

FF%

nﬁﬂi

2.2 ADIE B33

[1619] Ao A=
Ry srlE FeoE

=

&4 shunt resistors &-8%
A bstATh ALA 2~tE
S ae 409 REE FASY 4 E&27) relayol
oz AHH Fafoll FFHE ARFE ZHsH7] 9
3 E=Zol AZH shunt resistore] A&ghe =3}
o] ADC(Analog-to-Digital Converter)ell A 24 H
B g F UEE ST Aldste 2HE F21E
71y ARz AR e g EE
Ao A ARt E e WY 05WE
Z3ste] Y71 Y AGHHE FA s [17]
& A7 8FAAE KI0026 714 719ke] ~nE &
21 A 2" AsH e tid 75 JdskAt
Absh= A"l 2UEZ 1S o] &3t /2
= o of AN HEE 72 A Fe RUEPET
T UAESE FAASAH. 2FE 2871 7)E 5 U7l
a9, 7 A5 ]-‘%Oﬂ ot ”‘é%r@ﬂ'% 7“_]533}0:1
100%°] 4&E
ojzto] 7%5&

= mlo
X
r9~'
r{r m\m
5 1y
o -
A
)
B
u‘,
0&#
o
[t
v

T
7h A A9 &n dEE Alasta 1_*‘*_1‘5«] Z* 5

B 2T 5 e AUEES S RS

gtolgtol o LCDE A&t ti7]deEl oA 7124
Ql 05WHT &2 1.ISWE 4&%31 g o
7129 3% R £ Ao 7.62%9 K%

[19]¢] A7+ AHE JIEHU 7|9 2mtE
"o i3 ATE JPAT A= Al
WiFi APE 7|Rte.2 AC AFA *1(5(/?013)%
3 ZAES HEHHEFS AAToE A 2UEHHY
A 5 Jom, X9 MY &5 ‘;‘ A A=
FE 913 Elolw 7o AYAEFL o) A
HAE 53 ¢ AuAE TS F e 2TE
AE A 2~8E st gt [20]9] AFE 2vtE
210 geld 7es AFste] 2ntE FeaE
3 AZ2H 60Hz 719 2F 948 AFZE TS =
107FA E/7Y 7HRAAF A7), A 1A, °ﬂ°1
A, TV e T/ 52 (A, g5 F)
AAstaL o] 5 RUEPHE & = EH}%J RLE= 7H%
SR i A= 10709 7HAAE S/ R/l
A 94% o)’de] AYgEE BPor VA Fe] 53
e ERAA = 86%9 8= de5S BT [21]
o A= ZE 1 Aojo] Bad A Qlo] EFF L~
9} A8 B4l AE o] ~E &83te] AF AvtE
Zelaet AAARA 9 =mhkyd 7)7)ef FAlste Y
2 Aojates Al2ElE et AjHE AHE F
H1e 2utEESR ANy FHI2EH EFF
22 AZ4E 98 HC-06 RES AMESld g% 92
& e, O8] 5l AE A7 E 7Ee=E
A E S5t AFLE /22X 29X & Aot
= 7H%’5‘}Eiﬁ‘r fﬂxl”} Z1:L‘ﬂl Bals %fi A5
KN

o
=
A
=

oft md T HJ

3.1 AOIE Z2{0 AIAH”H A FE=

Fig. 1& AnlE Z81 A 289 AA FAEo)
ot 2utE 0 = ol 41 MY fEg 9
gAY SAE AL 9 A 9 A dag]Eel
og M, AY Ao ZEA L FHE AT Bk
A Ao 7 dlolE HEE 9T T AR, 25,
= % GAS, VOC 5 4% MEMS 74te] 374
AA ol 38 93 34 AAMRE A2 74
StATE 3% ~utE EY 0 SFEAE B3 &,



2A0IE E20E

Control

0]

=l

al o
= TI

&2 HolH 24

ol o P, o (W
= Data Collection
bca °
o
Fig. 1. 3—phase Smart Plug System Configuration,
FE, 7t AR, AY, A9 volHE sHET er 4= USBE &8sty DC 5VE ¥g 9 A&
A3 HolHE AnE Z81 ZUHE A2"E o 32 Bluetooth 5.0 module®]= DC 33VE #2314
L3t FES FUHY & F o AnE 1 A3t} Voltage, Currents= GPIOZ ¢laj] %4 o)
o] /N REA o, MBAYAEZF T 7522 T =W Control Load Poweroll A GPIO®IA &
sttt diolH £4& 3 A4 A5S Sls) Voltage, Current®] &3-S 313 28 Voltage,
2rtE FH I8 53 £ E volgHE &85 9 Current® 243t}
g ABAAE 79313 Linear Regres- Fig. 39| (a)& 2=AtE F2]719 Power 27 32
sion, SVM, ANN € 18|&S &85l o= nd & o] AC POWER, Voltage Regulator(5V to 3V3,
A & BluENS 59 HHY oF ndS HA 3V3 to 1V2), External USB Power SourceZ 433}

sk

3.2 ADIE E2{1 H/W AA

Fig. 29 2=vtE F2 19 st=9o] 74 840]
o} 2uEZ 8 1+ Main A7), AR A3 2
FHE, deo] € 29X Z FATH LutEEY
1+ AC 380V7} £91 21 Voltage, current®} pow -

Control
Load Pewer

—E—-—-\-o—.

DC 5V
| (use)
— 3Paser
AC 380V Tates Measurement
* Power
| Measurement
[ Eoa st )

Fig. 2. Smart Plug Hardware Configuration,

ATt (b= gt A8 W9 16A HS/EHNES HH
Ao kFAES Hg 50A WS A FJR=o|

Fig. 49 (a)¢] MCU+= VDDIO_decoupling,
VDDCORE_decoupling, MCU reset, Erase Jumper,
X-TALZ FA4seH, (b= MCU FH7|7 &
LED, User Button, GLCD, JTAG, I2C pull up and
LEDE FA3IA T

Fig. 5= 20E Z8 1 Sensor? AA 3 2% 0|
;. PCB Current sensor, 3 g &4 AlA<l
EXT Current sensor, =9 &% A4, gam sensor
connectorZ A% o At} Fig. 62 Bluetooth 5.0
module dt=go] AAEo|t}

3.3 AOIE &3 E4A Z2EE 4

Fig. 72 E2]19] HlolE HE ZEEZ
oltt. Mk, A, A, o HHl, 2=
T HolEE HEslr] 98l A% EEE%%
390t HEADE= 2RlE Z8|7 ZX] &

)\u]_



874 ZEOICINES ==X M23H X7=(2020.7)

ACPOWERIN Extenal USB Power Source
il . m . m \'(C_(S'\'D \‘I/PQXU:(\“I\IC
i ! 2 VCC_USB_Svo o vee sve
2 i $ Tora |2 i
3 {3 [l ) ot
AC_INPUT FDC&12P —:?Qlﬂ s
;77 G;‘D
KE‘T:'D
Voltage Regulator 5V to 3V3 Voltage Regulator 3V3 to 1V2
VCC_MCU_3V3 WVCC_MCU_IWV2

;;r A T
RN 4

= TP WCC MU V2

La01| vee 3vs
G manL

¥ cEaT \
pdffe 10000 I @ I
;SS‘!&SM* | i

= TP_WOC_3V3 TP_VCC_MCU_3V3 =

VEC_MCU_3V3
g

= fom. [ L . i
p— T —
i _] u_:sm—"-‘----
it 4
(b) AC Connection circuit design
Fig. 3. Power PCB Design,
#He A, ER " A U W] ElolH & Zt B AR AA 9 E O g d AvE
71Eo 2 e AESnt a8y A Dol itk g GLCDH® A F AA F& ol&ste =& AAsta
=3 Ao o3 SA4E [, AR/, A, F3SH, w5 7]’4 4 HE A2 HAE B3 @2 458
2E, FE, 7t=gES AEsta CS 16bit check 28y & 2 EERYS LSyt
sum< AHE-gth ol = 8bit B2 Aol =™
25, F5 F &7 e AY BT ATE AR 3.5 ADIE E2{0 ZLEE AJAH
S} 2%, 55, AY, 7k dolHE 2byteE AR Fig. 9= 2nE Zg17 wUe g Al 2~"olt} 2
stal Boe Astal At AR, Fat nE 280 mUEY A2 2R g A5
e el 7% ON el 1, OFF ol 22 A5k SnlE 27 AAE mUE et By sl
Y1 Ad A g 2rtE 8 004 SAHE = AA

3.4 AOE E23{3 H/W JHE FeE S b A AFe AW ol

Fig. 8& 2vlE Fg 19 ZEEEYo|t) 2nf F A FF AvES JHE JEE AT 5 3
E 90 AR 742 dd HE, A HE, JH ot dlolg £4& B3 E8 1 g 9 oS oS
AR, 1 9AE 7R 2ntE 219 ARE T + JEE FHSATH



g e ey 3w

o

v veu svs

VML SV

:
[

I=

PAmFGMDY

e

see wiy w1

VHBCORE
Tmfpn

EOiT T 5

AL

VDDIO_decoupling

wee =

e
e
a'_owLH’_'Il-mm

L 4N

o

25t M2 GOIH 241 9! 918 AF IS0 2t 7

ATsAMSEIE

e e v

frAG Tn

=TT

EREASE JUMPER

545 Twpe

SIAG TELEAWCL

= b

.

v e e

HIAG TN

MCU RESET

MCU circuit design

T wemT

JTAG

ver s

T

me L

[TAG TMsSWOIO 1

mag Tk 3

By

g TooTEACEy

.
ek B oo 1o w1
o 4 w
|4
v
o e w1 5P pom e 4 — P
ot o Tt e

12C pull up and LED

Dt GicD 1in

Fig. 4. MCU PCB Design.

m re

€ o Twpn

et
e, 27

vee s ol € vas TwER
RO 4

(b) MCU Peripherals circuit design



876 ZEIDICIoES =2 M23& M7%(2020.7)
PCB CURRENTD SENSOR CASRS0-NP lem leaflet cas casr cksr
ADl14
BCt )

AD4 :
e 1 me
@ A1
€30
Ll
=com wel g
| aly
@D
ACCON
R30,C 67nf : 47

TEMFP AND HUMIDITY

PA3 TWDG

CN_AMZ320
E

PAY4 TWCED

GAM SENSOR CONNECTOR

TPORT_CoN

2c 2

s = o s

HSHAEZ2=0 /X

GAM SENSOR 3mm x 3mm
Z 5 == 35mm X 20mm H =

€N IB GAMI

HYE 2t 25mm

CH B GAMY

VCC_3v3 GND
1 § o aan — TP_GAMI0 1M10_ADDS ¥
2 _ [ g,(—mu TP_GAMS AN 2 3
5 GAM3 SDA PA3 TWDO ) GAM3 TP_GAMS 3
3 GAMA SCL DAY mmi'pﬁnu TP_GAMT | 1 %
3 GAMS OIP VPP, TP GAMS ) :
- - TP_GAMS
EXT CURRENT SENSOR 100A E &4 H TFC30P100A o & o con
ADS i
PC3 B i XA, %:ID
I A
¢ ToanT 3 TOUT (4-20ma)
;\C-Pﬁ—lzzl_zl —szls & #y
, 13uF 1150 Adi_DC 12V | .t
=20 o
1502 18uf: 60HzLPF
1502 AHZ :4-20mA > 0.6V-3V T =t
Fig. 5. Smart Plug Sensor circuit design.
U1
oD —Hen @D 3 (=
4 z !
GND'\‘ @D = @D ||'G’.N"D
R TX CLOSED CONNECTION *
5 0, e . SMA-R
289 REN0 2 s arT s EXT AT | e
9 %= UART cTS = —“\-o.\m L ru o
st riso s, B 3 | UARTTX PIOISTATUS “.l'v—H—“\-GND
AM— —— UART BX 330 =
5 ¥ FICODCSDANKHE N PIOYAIOD NTRAN (o ‘ HER Tmn
S ¥~ PIOLICSCL/SEHZ P PIO7/AION BDISC o Ro08
BLERE&EIACH_OVQE:OW el PIOLAIOO_};I;‘RAN PIOGSP_CLE [ L2 HL“MND
A3 BIE RESETy, 2 £ | opeer =] DIOS/SPIMISO =%
W - 5 cE Ex/( 4
0 ‘Lmj VCC V3 i VDD ;;. PIO4SPI_MOST —(
0k cm-ﬂﬁ @D na DIO3/SPLCSE —
ved 3 FICBETETL =&
PA4 TWCED
PASTWDO 1 4
i
Fig. 6. Bluetooth 5,0 module hardware design,
HEAD HEAD HEAD D00 D02 D03
Date Date Date Time
0x53 Ox46 0x50 Ox4D (Year) (Month) (day) (ot
D05 D06 D07 D08 D09 D10 D11
- . S - electric electric power | electric power
(hLerJ:e) (S:::n;sd) De\(l)l:(:golD‘l DE\g§§1ID2 Voltage 220 current (Up) (Down)
50 0x40 Ox1F

Load
1o0r2

temperature | temperature

Senser
(Up)

Humidity Humidity
Senser sensor sensor
(Down) (Up) (Down)

Gas(Up)

Gas(Down)

OxFF

OxFF

Fig. 7. Smart Plug data transfer protocol.



201 E20E 0

Fig. 8. Smart Plug Prototype.

4. ANIE E2{7 oy 24 2

2y

# AT )
Agol Y& W L=,
5 349

ER=RS

d

4 % 67le serrgE

A5, A,
JH] =1 ;;],7:] QA _‘é_ ]
NHHoR &%

e = o

Al

/K-l H

EIEEEE
Aol
SR EL
L BE, b AR, A, A

3}-23}o] Linear Regres-

&9 A
]_

S
] ,Q_

sion, SVM(Support Vector Machine), ANN(Artifi-
cial Neural Network) 3712 €ag]&o 2 9343t

o2 w9g WA

Ee 3

Smart Plug
Monitoring System

gojo] 5o FA4E

SEEEEREETR]=
ngowH HA »

25t M2 GOIH 241 9! 918 AF IS0 2t 7

- =]

= -

- e G e

210A =t -
= - a» e

= - a» e

21.3 kWh - ar a» a» e
- e» a» e e

= - e e

2 HHE 4% L RS wm BHt 5 =
EERSEL Y
4.1 tolEf el

tolEl= 2rtE F8 5 o83t 11IkWH #
ZH A Mg AZstS 18 H 22 10573 H o]
Bl FHEA Table 13 Zo] &=, FX=, 7%,
A, A8, B EE TALAR 2 gl
o, tlolEl&= Anle] B3 FEl(FA dE, B4 2E
BEl, 7] 71 EH, HF dE)E e R 73
stttk st olE e} H2E ol o BRe Al
o] &l 100,80070 o A T2+ 2 E<ul|o
EHolEE 27 5%, HBb% 2 BFI gG5e 13
=g

AR, %

&O
lo

O}

I

4.2 Linear Regression 22!

7 84 9 ARF, At AY oy} AR
ITHE 7P o2 ajd aclEo] Hatid
BAE o|F=A Hetatr] S8l A5
Aggit 49
Astr] 9)sh

98 2 0]
% 3} & Linear Regression
FEY FYuE grE B

< Plug 01 »
Electric energy consumption

< Plug 01 »
Plug Diagnosis, Prediction

Cumulative Consumption

170.6

270 v

Fig. 9. Smart Plug Monitoring System,

Table 1. Components of the dataset

Name Variable name Explanation
Temperature(C) temp. average temperature for 1 minute
Humidity (%) humi. average humidity for 1 minute
Gas gas average gas for 1 minute
Electric Current ec average current for 1 minute
Voltage v average voltage for 1 minute
Electrical Energy energy average electrical energy for 1 minute
Load Condition condition equipment load condition
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olEIREE HH o R RFIE AV LA AT,

SVM 229 HA slo]#atglv| B = Gammat
001, CE 12 AN, & nd9 o5 F&
X+ Precision, Recall, Accuracy® E@3}52H
Precision 4] 13} 79| True Positive a4 True
Positive$} False Positive® B & & Uie o2
d=3 F AE ¥E&E YE I, Recalle 42
29} 29| True Positive %S True Posmveg} False
NegativeE T3 o2 Uie @02 AAG & B9
o ¥&& Yel I, AccuracyE 4] 33 2o
True Positive?} True NegativeZ T3 & AA=

Wie gho.s A4 dolEe] U =S Lehich
Precision = %} (1)

Table 4, Result of Multiple Linear Regression

Table 3. Result of OLS Part MAE RMSE | Variance Score(R%)
Variable coef. P> [ Result 0.183 0.322 0.794
intercept -1.83041 0.000

temp 0.01815 0.000 Table 5. Prediction accuracy per SVM hyperparameter
hum 4.788e-05 0.860 C=0.01 | C=0.1 C=1 C=10
gas 0.0003 0.000 Gamma = 0.01 | 0936 | 0.825 | 0.981 | 0.975
ec 0.0239 0.000 Gamma = 0.1 0.825 | 0935 | 0.943 | 0.943
v 0.0002 0.000 Gamma = 1 0614 | 0943 | 0914 | 0919

energy -0.0002 0.085 Gamma = 10 0.594 0.941 0.779 0.795
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7] AR, 53] 2l B C= 10,0003] <5 ol A
Hie| =g Hol7|x A, Al A 23
St B AT FR=TE S Fo7 i
e BAd 2ge H%lt}

AAstATE BeF C 229 A5 A E’-‘“ of vlsl =
ALEE Holr|= sRAA
7} 2 Zoz oA
ARAS HAe] md R g5ttt Table 9%
w0l o= FE g AR A 3 Ag=
cision¥} recall 2F 1.08.2 & FX& 7I1H1 A
A 2HE dEol tigr A3E precision @k 0.97, re-
call ELZE 1002 & A= S A )
z7] 715 Z3elol gk Z3FES precision a2 0.92,
recall g2 0.825 7HA o A7 Aol tig A3
2 precision &< 0.91, recall A2 2= 0.692 H]
w3 e dHE vk

44 LTE|EE0 X IY Hlm

T REAS S

=t el

TAE

B Ao A AF&3F Multiple Linear Regression,
SVM, ANN ¢8]&E9 #H3 - 24 & A8

Table 8. Prediction accuracy of model according to the
number of training

Table 6. Prediction accuracy of SVM optimal model Model
Count
Load .. A B C
Condition | Precision | recall support 500 0.8501 09442 09515
0 1.00 1.00 10124 1,000 0.9052 0.9426 0.9681
1 0.97 1.00 13666 5,000 0.9806 0.9729 0.9775
2 0.99 0.59 273 10,000 0.9821 0.9842 0.9775
3 0.96 0.70 1137 10,000 0.9804 0.9439 0.9264
10,000 0.9818 0.9833 0.9856
Table 7. ANN Model Configuration
model Table 9. Prediction accuracy of ANN optimal model
layer
B C Load ..
1 6 10 2 Condition precision recall support
2 - 13 26 0 1.00 1.00 10124
3 - 14 28 1 0.97 1.00 13666
4 - 8 18 2 0.92 0.82 273
5 - 15 3 091 0.69 1137
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Table 10, Algorithm model performance comparison

Algorithm Relgfii?on SVM ANN
Learning time |  00:00:01 00:02:32 | 00:01:34
Forecast time 00:00:00 00:00:10 | 00:00:00

Accuracy 0.743 0.981 0.981
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