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ABSTRACT

Recently, research on smart grids has been in the spotlight to build high-quality power grids. Smart grids
are a way to maximize the efficiency of power grid operations based on electricity and information and
communication technologies. In general, most of the power wasted in the home is a standby power problem
caused by the continuous use of the power plug. Therefore, in this paper, a smart grid application system was
developed to minimize standby power generated when using electronic products. The developed system
measures power data of electronic products in use in real time through the Internet of Things (IoT) smart
plug, manages them through apps or the web, and establishes a system that allows users to control onfoff in
the event of abnormal power. To this end, a CNN-LSTM(Convolutional Neural Network Long Short-Term
Memory) model was constructed, and the constructed model was trained based on real-time power data. The
CNN-LSTM model is designed to compare with the current state by providing a predicted value of power to
be used in the future. In order to objectively verify the power data, products with high power consumption
such as laptops and monitors were used in the system design. In addition, hyper-parameter tuning was
performed to optimize the performance of the proposed algorithm. As a result of the experiment, the optimized

artificial intelligence model predicted power consumption with about 95% accuracy.
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In [10]: w_train

Out [10]: Power_0 Power_1 Power_2

0 0.000000 0315436 0.072636
1 0.000000 0315436 0.080326
2 0161747 0315436 0.080326
J 0161747 0315436 0.080326
4 0.208626 0247433 0.080326

11995 0.000000 0.090490 0.101366
11996 0.000000 0.090490 0.101366
11997 0.593220 0.089062 0.101366
11998 0593220 0.089062 0.101366
11999 0593220 0089062 0.101366

12000 rows = 3 columns

Jz2l 8. Al 2 shEs A% A | dlelH
Fig. 8. Preprocessed data for AI model learning
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ghtk 9-OF w3l AHE A digk 7HE S Akl
A BAG) o714, AREL AHr|edelw RS
= e ovlget o, 3k Ar|eE s
9,800<1°l kWh= 50015 71d3}e] Anxtslaict
T, =] vl 23] WA AFelch
B ol g avtEZR ] F8 s &
e A SAA9} dIEA] vaE 53 ALAA
75olek wEbd ARgAt sl 7les AR 4 9l
L= Y#o]5 GPIO(General Purpose Input Output)
of| edAsled AT, A Aol digk F=F >

B} W& B SAwES Al

V. o & 23t

41 A% m2ioje M3

E AN AR Febrle= o3t 3ok Hle|
El2] F gz 5uF lelw 3x Hlo[EE glH o
AREgch Agelx] ARl 8 FejrlE= & 1
vehlc}. o374, Batch sized] 7A-$- dloJele] =7|&
owlsle] 322 A} th2-° 2 Time stepd] 73-%-
dlolele] g Faeld FE1E JieE ovlshe 208
2 AAEc) o]= [2019] S 3r3le] Time step
$- 10, 15, 20, 3022 W73l el Az, & 4]
2Elof|A1= 204 o ell5Ad5e] 7 Eodvh B e
W= 1xvie} dlolelE sk wlebA, & 20
Z 5ok 53 dlolelE Fal, S HYHALS S o

Z3}x) slict wRA O 2 Input dimension®] 7d-$-
1. Ay sefrle
Table 1. Experiment parameter
Parameter Value

Batch size 32

Time step 20

Input dimension 1

Loss function MSE

Optimizer Adam

Number of data 50,000
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dolele] F7-5 vehl £ =3 3 Al2wle
Ae AYkE AME e 12 AR ek

7 102 - =l A ARl mllel] ot 8oks
bt ek AgghRe] AlAIE HoleE A=E]
SaiAdegt ndl2 oefgt feature s 7HA L i+
o|ElE AMESE] 9l8lA= CNN 35 B3 20] 2
fafck w3 HA Felelal convide] 75
=20 H4E TR ]33} convolution IS &
3] Hfo] A7 =E Yok dd AL 3] dlo]el ]
feature = 2 X3P} 7hssict o7, mele]
2452 LSTM 55 ARt sl 5 <kl o]v]
F7HEQ] 29FE A8l 9o g wgluee] K
e #HAstElr] 98l 178e] LSTM &4 ARE-3ich
°]F, dense 2 53l Z7] convld FllA W7AH A
FE oA el ez Hdshs 2¢ds #l8s)

glek. oI, whAt dense_15-% 59 Wl E28 7}
ALE AR, QFAS L) FAFRE anh
2 Relus AH8-3151Th

Model: "secuential”

Layer (type) Output Shape Paran #
convld (ConvlD) (None, 20, 32) 192

Istm (LSTH) (None, 18] 3136

dense (Dense) (None, 16] 272

dense_! (Dense) (None, 1] 17

Total params: 3,617
Trainable params: 3,617
Mon-trainable parans: 0

12! 10. CNN-LSTM =d goF
Fig. 10. CNN-LSTM model summary

4.2 CNN-LSTM 7|t X242k o= Zo}

I3 11 Serell wpE mdo] A%S HoFr)
el Fgt 2 Ze AA| dlole]e] o), 53 1
2= medS 531 ol FolE Halvh of7|A, yF
& A x-S min-max A3 grolw, Hd) A}
S7Fsw Hiv] @A) AR vk aRlelA &
T =el & 3,000712] time stepell TH3l N5 Fo]

o]% FEFE AT 4 3k ol oy

N
S
i
B
n

B =M ]l oIk s Al
| BxolnZ &) AIAHE 3,000% F714]9] B
At o &3lgiet. e, ApEE RS ke s
13 dlolg] B 7] Y time step 5] 3lo]¥ I}t
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CNN-LSTM =24 &% A%
CNN-LSTM model learning performance

11.
11.
vE] A4S et €7k A7 AR SR R
7Fs3ttl. CONN-LSTM  =2Hle] =43kl
MSE(Mean Square Error)S Edf 753 A=
0.009°] & FAskl e, o=

@t ol frakehS welck Ak
E AT A58 95%2 Ages Al

A aelm olFe] qldel=w QU5 shlsil

(<]
& A A7} obd ARgALE] 27 wkedahA| H o
AP AsitlEkE ARgAke] sfsle] olfeld
Gl Fck o)E &l AlxHle] B4 H4] Felslsich
5, A5 wHle] HH3kE F3) ¢S Aetes A
& Alglolr}. gl Y ARgEk whE A Alele]
S ded, 278 ol Aol ZNek 2wy 1)
Ao A|2~Ele wEstuA} g} o]2 Ea), gkl
smteZe| o] 829l ¥a 3] 2 Ar)s A
Aeg st Wk G oR, WeaE 4
g3to] AAZE ofe] Aielr] AR Aol sl
AelE gelsle dloleE AAIZEe R WolEsl)
Aol gherl S o] 43k ol Fe] opd AAIZE Bl

B AgeHs Weke Qs ek
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