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ABSTRACT

A Study on the Power Metering Data Missing Correction
Model Based on Deep Learning

HyukRok Kwon
Advisor : Prof. PanKoo Kim, Ph.D.
Department of Computer Engineering

Graduate School of Chosun University

Due to global warming, abnormal climates such as heavy snow, heatwaves,
forest fires, and typhoons are occurring in many places around the world.
Recognizing the seriousness of the climate change problem, the international
panel on climate change (IPCC) general meeting in Songdo, Incheon in 2018
suggested that carbon dioxide emissions should be reduced by at least 459
compared to 2010 and achieved by 2050. Korea also prepared the "2050 Carbon
Neutral Promotion Strategy” in December 2020. Five basic carbon—neutral
directions: @MExpanding the use of clean electricity and hydrogen @Improving
innovative energy efficiency in connection with digital technology @Promoting
the development and commercialization of future carbon—free technologies @
Sustainable industrial innovation with a circular economy Promotion ®
strengthening the carbon absorption function of nature and ecology such as
forests, tidal flats, and wetlands were suggested. After all, the most basic thing
to reduce carbon emissions 1s to reduce energy consumption. In order to save
energy, it is possible to quickly build AMI and to reduce the active energy of
consumers by supporting advanced time-based rate plans such as Time Of Use
(TOU), Critical Peak Pricing (CPP), and Real Time Pricing (RTP) which are
various additional services through two-way communication between AMI

infrastructure.

— viii =
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KEPCO has also tried to build an AMI infrastructure across 22.5 million units
by 2020, but about 10 million units have been built and operated, and the
construction will be completed in the next few years. In addition, the
government announced in 2020 that it would distribute AMI to 5 million
apartments in its detailed task, “Building an Intelligent Smart Grid for Energy
Management Efficiency”, through the announcement of the “Korean Version of
the New Deal”. As the spread of AMI expands, various new services are
emerging, and through this, they are taking a step further toward the goal of

carbon neutrality, a government policy.

In order to provide additional services using power metering data, it is
essential to acquire measurement data well from the electricity meter. However,
due to the limitations and various factors of the communication network that
makes up the AMI, there are about 2-5% missing values. In order to improve
the quality of AMI additional services, it 1s necessary to predict and provide
missing data. Therefore, various algorithms are being studied and applied to
predict missing values of time series data generated by smart meters. However,
if the accuracy is not high and the missing section is prolonged, the error

increases and quality service cannot be provided.

The power usage data is not a general time series data prediction, but has a
continuously increasing cumulative power usage value, so the cumulative power
usage value should be predicted and corrected. Among the methods frequently
used in the time series field so far, this paper identified their strengths and
weaknesses through previous studies such as linear correction, similarity—-based
correction, Autoregressive Integrated Moving Average(ARIMA) prediction
correction, and LSTM(Long Short-Term Memory) prediction correction.
However, it was not appropriate to use the previously studied -correction
methods to predict cumulative power usage data. In particular, while simply

predicting and correcting the data, there was an error that some data decreased

_ix_
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the cumulative power usage value that appeared after correction.

To solve these problems, this paper proposes a model that applies weights to
a deep learning-based CNN-LSTM combination model as a hybrid method that
combines the advantages of linear correction method and correction method
using LSTM deep learning algorithms superior to general methods used in time
series.

To conduct the study, the study was conducted in the order of Business
Understanding, Data Understanding, Data Preparation, Model Development, and
Evaluation according to the standards of CRISP-DM(Cross Industry Standard
Process for Data Mining) methodology. Through previous studies, the AMI
infrastructure was first understood, the cause and ratio of data missing were
identified, the characteristics and patterns of power usage data were identified
through data analysis, and data was prepared through preprocessing. In order to
improve the previously studied long short—-term memory deep learning algorithm
(LSTM), a deep learning model was created that combines a convolutional
neural network (CNN) and a short-term memory circulating neural network
(LSTM). The results predicted by the CNN-LSTM combined deep learning
model were predicted by applying weights, which are the ratio of each section
to the total amount of missing sections. And finally, the final cumulative power
usage data was predicted by summing the cumulative power usage value before

missing and the hourly power usage value.

When comparing and analyzing the experimental results of the preceding
correction method and the proposed correction method, the correction method
proposed in this paper was ‘0.218447’, which was about 40 times better than the
ARIMA predictive correction method, and the square root mean square error
(RMSE) was 6 times better. Even when compared with Mean Absolute
Percentage Error(MAPE) value, the correction method proposed in this paper

was ‘0.009899°, which was the best at about 45 times more than the ARIMA
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prediction correction method ‘0.448682°. In addition, the correction method
proposed in this paper did not reduce the cumulative power usage value
because the weight was applied to the total amount of missing sections, and
even if there were many errors in predicting power usage over time, stability

was very high.

When analyzing the experimental results according to the length of missing,
the linear correction method was generally simpler and better than various
methods with good performance in the time series field. The linear correction
method had the highest accuracy until the number of data in the missing
section was less than 7. Therefore, when applying to the AMI system, it is
effective to determine the missing length first and use the linear correction
method if the missing length is less than 7, and in the above case, it would be
better to use the CNN-LSTM combination weighting correction method

proposed in this paper.

In the future, if the proposed model was predicted and corrected with deep
learning algorithm simply with time series data of power usage, research to
increase its accuracy using more input values is needed to learn deep learning. In
particular, since power usage has a very high correlation with climate, it is necessary

to further increase accuracy by adding weather information.

_Xi_
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(DR; Demand Response) & TFY3E Au]|2~Eo] &4 o o=z o® i8]

olel MHU|2AEL AF37] sl dEHor AHFAREEH AFHO|HES
FA5stojoF sl AMIA 2®l A o] HuFo] AAFo] Ao HAyHdFs
ERN S

z+

TRk dely HE A (DCU; Data Concentration Unit), AR 2 =
F ASS H9ete AvtERHE FAE=H, DCUS Bill4-319] A& = F4
W2lo] HPGP[19], IEEE 802.15.4g WiSUNI[20], IEEE 802.15.4m Television White
Space(TVWS)[21], 2%PLC, A%PLC, Zighee[22], LTE 5 thd3h SAlH2]o g
TE5H UTh olFolA dmdEe DEPLCHAS 7H Wol Abgsta o). =4t

PLC 7l1&3 HAAAS] A&AQ BebS Sall Ao AMIAN A2 7 2ol A
= A Aee FRIoH, 53 AV AT ATHRAAM= HAHA A
d Ass grsted odwS A AvH2324] oY o= d3 AIATES
°F 98%, U3 AANHF HE¥ES 5% B w2 otk

AA kA o] AMIA 228l ISO/EC 12139-1[25] 724 ¢ A2hA B (PLC) H4<
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=dl[26], A SAPLC) 2

T 5 HelHE MY

oX N
t
-0,
ofo
o
2
2
2
o2
>
=
=

m
o,
Ll
-
o,

o
20
k!
¥

l

A Az & FAAYL dF "ol $A =F B oF
2 AFsts A AAAAM Y o= s deolE e Z=(Missing Value)o] T4
& glem o we dHolE e FEo] wolAl= AR o] AR TH27,28]. o] F
T2 7 A4l AFdelHe] o4y A 3 A5 4 daels2 AMI
AZdeolge] AHAEE Fete v To% FEor 7 dHolHe 545 v
G Aud darelFo] dasr29] =, AvtEvHRRE FHE AAD HolH
& T4 ekl AntEvY HelH e A5S ddEstal Y FiEe 54 ge= A
sh= dlolE HAe wWe] Fasiri30-35]. M @A dolE= Algbel whet 3

T A A Y] A A AR

A ol AZo] wAZH A= A4S AZo] dojut A
Zo] oji}r] ol A zto| A9 Fk 1wl AZo] By T do|Esl Hgoz
UeteE Ald 9 1 we] groez Ao & 4 QITH36)

[ 1-2]9F 2ol AHALE=F dlole = dAxpa AgFAoNA A& F71sh=
& kA =3, o] AMIA "o A 7 glo] HE3H
£

A 170d, 1, 531, oF @A, Al

fn, e

)
oy
A
o
)

2 A

T2 w3t ) A =

23
R Aol AR A A

b
L
(TR
o,

2

5\

o

o]

o

v

K

oft
oz
ol
ol
=
2
ot
)
=
i)
>
rf
i
Sl
=2
>
rir
4 -
0 o,
R 2
r R g
S~
>
oo ™
oF o
= o
o & =
>
[>
i)

)
=
o,
o,
N
°
o
e
ol
=3
4
o
PL
r
o
i
N
i)
-
A

I
il

gsped, 250 Tuw e
o erslel dele7t £As Frol delEt WAl el weolHE u
wol dsl AFaanat ek F0el WA dolHE wAss o fi
Aulzptks SFAMY AAALEFE HE AT B GFF AusE 9

=4 # sy,

W
I'U; o
A 01'
I
N o3
O ok

ED
2
&3

ol & ®BASH #% 4 daggFols 7H 71349 AP B AgW[37,38]]
o FAE 7Rk B AWH[3940], ARIMA(AutoRegressive Integrated Moving
Average) ¢35 HZAW[41,42], =5 3|94 7I¥F 2 dol¥ F747]W, B-Spline,
Hl 2 3]7] 2] 71ak A5 dloly F4 7] [43], Least square”|'H& 483 A= Tt

&
ol F47IWH[44], JeANATE o8 F47IH[40] & 25 HolH e Feel

,_‘
IS
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k)
v
ol
<
e
k]
i)
i
N,
g
o

f3to] BRAS vl g B =FoA Agstazt
__?__

P3|
ol wlolEl 7l WA %

S L g 2AG] AL B ALd SuEE F
of AYRANE Adent Al wE gol A% Frlee ¥4 deAdsRe
a5 7)0 e BAGHL olfi Aol By F dolE} Ago e A
Aol gre wESA @ dFomw F4sks] WEd] nAE gol A% T e
Ui rd AUAEY wn AXE QR B A

_O‘
_r‘u_‘
ro
Mo
2
il
tllo

S A3y s AAIE dolE o SHofoA =
A 341 4 HCNN; Convolutional Neural Network)® eh7 ) vl 2 e] =821 3 HLSTM;
Long Short-Term Memory)[46,4748] A3t R[49]e.=2 12 A|HE 3+ A

A S dZ3a, o7l AF AT FA AYAEY dolH WAS Wojupx

A

FEE AFAT Aeott LS AanA o 2dA 7 Awle) Az T
T AYAEF AR ANF WIS, A5 T4 AN F ALEY HAE wolu
A RS Y AYAEFS BAGORA FAY AuLE ATT 5 U}

2325 [T AT T

2320 - : 1

2315 Missing Value —

2310 F .

2305 E

2300 .

2295 - ¥

2290 1

2285 -

e —— Py
[2E 1-2] &2t Z2F0| Lt MHALZZ Ol o[E of Al
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B. d7 W& ® 74

B ATe de Agdolde] AZo] wals: PAd 990 EAL oY
A% dolHE mAss] A% 9 AN AW 2nEe BAam A Aol
A% F 1EAE A4d AnES Atss Aol

A2 e AMI Al

Qxmebel A4 ATA, B MEHT, AMIA -,

MDMSA 28 5 22 Adolelst 845 m AWl FHhA F85E 37

& At A% doleE ngs] Ad olel /x dAATEel BN HES

3, A% delEst MARE olf, GueBW AF doly nywel v 5 A

g Agueld A% ngsd wEy APAT Askel A} ool o AMHEL
AR

A3l A AyAT 1 Askg Sa) A AFeole AL s Aol

of

A4GAM s B =aoAl Atsts Jeld 7IHke] CNN-LSTMZ S E3of 7}
15 MAvdslar, Aekst wdlo] A 9 Azl 3 dsiA A}

A5Fe| = Wy 7]uke] CNN-LSTMZAZ 2y 7MExE 838 dug s
S AYsta, APAT HIYWA du S v EA s A =
AE AA AMIAN =¥ A& 7FsA o teiA HES)

N
(@)}
o
=
>

Ir
y
rir
2
Lo
ofN
ot
it
ME,

FF 37t AT W WL 5L AN
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A. ASE A% AxZeHAMI; Advanced Metering Infrastructure)

2 Ao A WA Ag AL Az A4 #AL olsay] a ATwe v}
EnE Y BAUEYD, AMAAE 2 Aol E el A 2 (MDMS) A o 7}
A)

HAMe] 54 D doly AHALS Awnuz s}

1. 2vE " E(Smart Meter)

AEel ALFAE ANAARe AS, BASE s Ak e svEd
Hi 152, 608 5 4ol webd sy Akl A4 A dolHE A%,
Agdch e A8 Fo9 ARSE doly Fgo] shsttk AEelE Aol
A AR A A4 A FAoE AHFS BES
AdEA AeE oIt ABen B Aaut O 9% AohEudi
o, A7) A9 AP T

sulETE 2 A AGSAE AL B4 71Ee] 483 A U BAL

=
B
N
N
olr
o
A
R
32

h s

S
>
ofo
oX,
f
Ll
2
ox
ol
ol
£
%
rE

4(DR; Demand Response)

=5 |

h
& B3 X B8 FAL WA= AMI 9G] F ehjoln Zeade] 7
=

- AAE 2 FA(TOU; Time Of Use), A7] AF&=F dlolg 3

[
02
oL
o
é
Z
9
o
=
o
D
3.
=
©
o
N
g,
e
)
ISP
o
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[ 2-1] A2 AEHA T/
T2 E-Type Standard-Type AE-Type G-Type
2 &
T o 20154 20144
oAb | ek swolst | SESMESL iy qoorsr | EHE 10MIES,
g5 | 7o sag | #LATE | zu sy | ¥ ETE
o o o o o o
UHSEA R (X)) | LUEAE(X) | SFLHSAHE(O) | LLSFAE(O)
AzFof(x) | AAHFoi(A) | AAFO(O) | WAMO(O)
7l s
CoverOpen ZHA| CoverOpen ZHA|
M ZRZA
74 x|
%ﬁ 605 155 605 158
=
TOU X O O O
=R Lo Jél-,
ol_;ijg 2|2+, RS485 | FDA(RI 9| A1) LH &+, RS485 Li &+, RS485

2

Aol e}
G Aol HsaEs

Collection @ chosun

gl AR = AT
# Y (Standard-Type)> G-Typel =, E-Type AE-Typel & Hi# 1 Q&= F
. 28 A G-Typedt AE-TypeZE 7teFshA Awshd 5%

Z =2 - 57
ST — |t

A2 AEFA 7 AN Ageta
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A7y ek ool B AW Ametd w13 drlaw Akl AMEEE A
7133 delde A7 Ar1Azde] A5 oA ZrAzd
of A71A% dHelHE HMERE A% #E st AWeA = HolHE
shed ARt vk theS LP(Load Profile)[51] dlolE]7} Slth. LPHIoE =
G-Type< 158uit}t A1, AE-Types 608t AAH == njg A 9o
A Al A Zbolu, 153 Rttt A #elEa vk 28 AT dAdA wvbE
T Atk LPulo]Eg 7t 1570t 60wttt A7 o] 4 A7IAE =S 7St
oA LPHlolE A - F A7k k& AHEstH 73 dEAbE o] Hrh g
B EgY Mul=E FA AUl TRl Al LPHOlHE AlFsiA AAIZHA QL
AZFE71e] A7 AHEEF AES 2Zutds S AlEstar vk E-Type Al

B A7IAA dHolg7l EAstA 7] wZol LPulelHE o]&alx A7IHA

Zpell Auell A A7HA dolHE AAdsk=tl At Q)

0

e

S g oA 20219 9YHEH AFE AMoz AYA
Of Use) 2748 =9sta gk TOUL A= 243
o M 2w @rkE gEA FomA AREATE ARAom FHujFsl Aty A
NS 96 SRS fEstE 2FAolth TOUSFA U2 B3 &=
HEel A9 Al 9as Foled =

o

E b AR S = l
At TOUL A S Aldstdar Aoz A7|Abg o] dastA Rk 7Edd =
A7 AE Al A7IHF dolEut daglov, ojAs AEE HA7AE

o8] =, LPelolel7} WAl Besta o FRws} HobArh

AMIE T=3t7] del= hdel 3 3ol 24 9 Wisto] A3s 3
7] Wzell A71AA ez Hrlas Altste SE=RE AR sHA AMI
ol AYHAIAFEH AMIE 283 Z4F MulaEo] sojubAl Ha, Az 4
A Muzass s HAAFH LPHlolE7E wr=Al dasA Sk webd 2
=M= LPHCIEHE AMuolA =x3s o 250 dAs= tolHE ®Ast]

A Auzse AL ol wt gt

_11_
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2. AMI B4 U EH=
a. ol FAFAX(DCU; Data Concentration Unit)

DCU¥= E-Type, Standard-Type, G-Type, AE-Type AWlEWE %9 t}okah
Az AEHFAE 54 25 A< IEC 62056 DLMS/COSEM(Device Language
Message Specification/Companion Specification for Energy Metering)[52]9] 7]4F
o2 AFolHE A5t FAA =" AMIAN ~"lo g2 dAFstes 4 A &
A o]t}

DCUE= WAN(Wide Area Network) T%te 3 M E3 HA33, NAN
(Neighborhood Area Network) 145 &3] 2vlEnHH, IHD(In Home Display)
Y A=} TAGHA B[R ouA] AMEAE e = 2RES(DR; Demand
Response) AR E ZFsle 5 vt AHAMHAE Lv| A A HAEet= &
& 7S sy WANSG 99 F217]+ S HFC(Hybrid Fiber Coaxial), %541
W, LTE(Long-Term Evolution) & AH&-3Fal lomn, NANY Y9 F217]+2 PLC,
HPGP(HomePlug Green Phy), LTE, Zighee, Wi-SUN %< A}-g&3&a ltH53].

=

[e)
EO

DCU= i Hdi 200t dAxp2 A EAE 88 & A= Agdsds Bist
I 9laL, ek AR dEFARTY A5G
7] FAAR (Meter ID, AAAZ, A7AQS5
3

) Tol ATHBSL il HAMWEEY E

FHAYFAE AMI QEebE wFaly] s FUdRE gug A5 B
Adzets gFetal Aok [F 2-2]% S=d g3kt 20089 AIHARY, 2013 2 AL

BH @479 DCUS uits EREI 53 202195 8E DCU 39 24
So BAYAS EEAA AT F AES ol 4 BARYES sFEdow
Aol B o] WA AT FAPALS P PN A Yok

— 12 —
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[ 2-2] DCU &+

‘08 ~ 094 10 ~ 124 13 ~ 204 21~

ol
Ar

DCU

ol &

b. A48 T4 29

RS Az Ay iAol weba dE A UF e 9o AXww, DCUS
ARA AH A Abolol A DLMS/COSEM(Device Language Message Specification
/ Companion Specification for Energy Metering) T2 EZS FA g tH[55]. A3 &
2o AHEHE FFA SAWAS [ 2-3]13 2u A ge] Agole [®
2-4]9F o] DCUS ERIZF SAIHA © 2= A ¥+ ISO/IEC 12139-1 W2S 4
|3 =g AEPLC WUAE T2 ARl lom, Mk dE Ao Bl (ke
= AR AdgFAe] FHel wEl G-Type, E-Type, AE-Type H#HHEA =
RS4855 AF-&3Fal Standard-Type = IrDA W& A -83ka A TH56].

[3% 2-3] A3& Bdd A&y = F8 BA7E
= DCU < = H BH o MAA M A B2
FM MZPLC, EPLC RS232, RS485
M B-CDMA, Zigbee, Wi-SUN, |DA(K Q| M E Al
TVWS, Lora, etc

_13_
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ol&] 7HA7F glont =ujellA 7t
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P A 7HE ®el ARgEa

£-3]

90%°1d A

Al S
1=

el

(PLC)

A
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|

SEEE

d

5]

ol

3 A

A8 FA(PLC) WA el o

A

AH A E2(PLC; Power-Line Communications)-& 224

Holg E4 HEg 2

o
Plo

ot

I

—_
fils)

Fa ok olm] Z13t
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=

Jell v A
A7)l A

o

AL§317]

=
=
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N
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o

)

713 78 ol BH551.
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2 wpe e Ao] n
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’
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Standard 60Hz AC

Modulated Signal

PLC Signal

41¢)

[2¢ 2-1] PLC &4l

bl Az

o
=2
s

il A 7)3ke]

=
=

Al
oA &5 ol tH55].

S

S|
Z]

1

0

Q]
=

’

G

dEga B Auke] f& Aol Au] e

A4

\=
RLN

]

olo

A== 7= dEstet H

A glejA

e
=

"

FoH55]. 7)<

S

Sl =9

&

A ool

ki3

A el el

o ¥ BAUIE

f
4

o
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@, 7h AR wdighs, PLC= 2717F ®ob Aszrh Asiy 2712 Jd
A w2 e x4 BAZ Qs kA

1] & Heko] Fasin(s7].

o
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3. AMIA| £ €]

AMIN 28L& dolg HSZAADCU) =11 245 volH(H71Add, A4,

LP, A.24d %)= HFCHybrid Fiber Coaxia)t} LTE(Long-Term Evolution) %
Apalo 2 e ste] oy o]z A% #Elstal, DCUY A Aol AR ol

Ao A e 7les TIL F AEE 75 E AFTIG8]. T
do]HE MDMS(Meter Data Management Server)el]l dA&sl+= IS
AMIA ="o] AA AR FAEE (29 2-2]9 Zuh

]
L
KI5

(e

4y oo
o fo
N
X

Og(::‘
ok

ul
—E o

' Customer

[2% 2-2] AMIX =% T4 %=

AMIA =8le] o9& DCUY EHle] IFA 7[RE du] 1Fxe 2 714, <l
S0l ¢53 FHol= SNMP Z2EZS o|g3sle] DCU ¥ RS 55 Al7| A
HE #gdit. 2 b5 A3 ZREZS ol&ste] AR HelHE 3 wedth
DCUgle] LTE Z§lS $aliA AF7ek A4 d29 F5%= v, LTE 292
Push$} Polling 5+ 7H4 715 v 7kAaL dolA AlFelolHE AH=Z Push AF
a7 = g
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4. A ole| B A 28(MDMS; Meter Data Management System)

Aol #ejA2HlQl MDMS+ HAIAHEZREH T3 AZdHolHE 824
As, LAZ/AS% F4, 94A0 &, JA 2 4 T ALHolHE §F &
g ol Al &="o|tH55]. M H OB AHere(eEAn2) &85 AN & Al
ol 7] 714 (Scale-Out)¥} 4=F/VEE(Validation Estimation, Editing)/= =3} &
/RAA/AZRE T vy AP d AAS EAHE Ay Vs AREIHH55]L
MDMSe A Atgst= t&&F A2ls A vE9°52 Nifi, Kafka, Spark,
MongoDB, Hadoop %5©] A& ¥t}

[19 2-3]%= MDMS ME=E fd Ik AMIA A" o2 HE FA 9 Ay
°|H &< ESB(Enterprise Service Bus) A1¥ €] Nifi #|E9o& EaA Tt
Hadoop, Spark, MongoDB & At dA e AAS 7AX A, A=FdelH 9
rad ds/F78, 9440 #e, JA 2 B4 T 7les FHIH) A0S
(Ami Operating System)ol A= AMI EF/#H3 &3} -?49:]5/53_, A7)1E4, B4
A, MAGIS/FEA 59 7ss Tt A4 FI7F Aujzagl 99 Ey
g, AnIY, d7]8 s 9 7les &vEE App ot Web A

M 2E A s E.

1

Me AAT AR

Advanced Metering Front-End
Infrastructure

Meter Data Management System Users
:u‘],lv
TR 5
22 Consumption A &
‘gﬁ'j sy -\I]|-El iy Consulting | Customer
=] - j_
':F_ - . H
i’ﬂ %i Meter [}ata Business User
= Management
' ™
WEB/APP 4 } lllh
System
Mangemen’c Administator

Processor

Equipment
Management

(I41N) Jojdepy

Data Transker
Cata
Collecting

Smart Meter Unit Cantral
Meter

[29 2-3] MDMS 7I¥ &=
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B. 4% dlolg nAge] U@ da A7

Aol A 147 vhok A E Adelel st AMIN A S
s ol@Al $7E deAggel Ae] s8el wa A% FAee AL

olE BAs] ffsiM AdPFom dAqdE o

LU
(e]
=
o
v
o
=
Y, o
5|\
o
()
ox,
rob
o
Ho

A ABA A oy AAe] dF Are FelolA BelA 1w

of $uH60,61]. 1 ol 7 ZIEH ol ol AREE = ol AR AgR[62]0]

AER AR = FA Interpolation¥} extrapolation®] U +=H|, extrapolatione <&

97 @gE Aolel gl ohd WAE Wold e AxAAY ge FAHE

Y

[_j_]\'ﬂj 2_4]01]}\1 Ty, Ty oﬂ}\ﬂ H]O]Ei %/{‘% OE]_-—II 9}]\‘% tq] T ST S Xy oﬂ/q %/{‘%

FAsE AL interpolation©o] a2 ¢ ¥rel z oA #HE FAHSE A extrapolation

extrapolation — 7 f--ocoooeeii

Y2
interpolation — ?

Y1

Xj
[23 2-4] Interpolation¥} extrapolation 7 &=
1209 A¥ 1A H(AD Linear Interpolation)< [1¥ 2-5]3F #o] F o] ko] F
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AHE W 1 Abelel AXE g FAHI] el A4 Aol wmep NPHow

kWh
R‘g ——————————————————————————— >r
e
Mj |- - »
Ro === N#T |
L N G » Time
Ty Tn
[29 2-5] 1A A9y d=

42 Aguole: (27 259 o] XFL ARFolw, YEL FA AAg%
olT. M, ~ M, & A% dlolE, N& AF delHe) felth. i, = A% T
A AgFel Atk AQ-DAY 23 F U 3 WA dHolE(r)N 2%

A vhAu olE(R)E MW A% 1o B AbgFel B oF A P A%

(N+1)2 U¥w FGF Alg2Fo] Hu}

Moy = “NFT ey

aga HE-29)AE BEAREEE vIer A5 A viAY dHolH(R) A=
T3te] HAARE (M,

W)= Gt A WA AS Ao 74 HdYALEF do]H
(M,)7} ATt

T

M, = R,+ M,,, (2-2)
M, = Ml + M,
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22+ A8 WA H(Bilinear interpolation)< ©]% A RAWOR 122 A
PFHANE 2xpd o= 5 Aol

(29 2-6]3F #Zo] A e 47 HAA ol FolA U wf, AZFge] W
2R Q1o Mol s FAT A 1HH ol A P xF WIoRE
AbZEE el WA Y] A E wy, wy, yEF WFLE AYE hy, ko stal, el d
oA el "oy = A, B, C, DE} & u], P41 dlolE #t2 bilinear interpolation

of ola vt 2ol Axtent

h1 3 h2 wy Wy
(&, « = )
(hy + hy) (hy+ hy) (wy+wy) 17 (w, +wy)
W ) w
B - T Ve E—— _C
il @ @
2| ' p=?
M- $o--ommmmoomooo oo N
hy ¢ (@) i
A U D

[29 2-6] 22 ARy /d=

MS 93 C, DE EASIY NS 92 Fo M, N
I FAE vt Ut VE |14 92 39
T Atk AR e A (2-3)3 2

B g
S BAs PE A W0l
%O

=q(BA+aB)+p(BD+al) (2-3)
= qBA+ gqa B+ pBD+paC
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32tY A8 B A (Trilinear Interpolation)

WANG 33P0 R §e Aol

rlo
2k
2
of
fz
ol
i
o
fru
—_
2l
o
=2
>
lo,
o
of

Trilinear interpolation ®'H-& 32k F3FAl A 87le] ZHAIH o7 o] Fojx 1
Aol W e Qleje] HoA e dolE e AFHoE HASE YHS o

A= do|t},

T =2

A

[29 2-7] 329 AP HAY M=
Trilinear interpolation W& [Z2¥ 2-7]3% Zo] bilinear interpolation® ¥ &]+=
Tt PolA el RAZS F3t7] Y&l WA M, NolA 9 #s ®BAsta ol=F

Bl RellM el ke BAR vRRI7EA R U, VIlA 9] e A7 & o|Z%E S
Aol ks A mpxeto R R SEAE PE HA g
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2. AR 7)uk B AW

=
)
—~
>
oo
o
__WL‘
o
_F‘FL
"
o
1
=
=
o
Mo L
f
X,
”
o,
ﬂ.l 0
N
N
ﬁ
?2
rr
i
o,
-0,
o,
o
-0,

rd
_—ql:
>,
Y
1%
2
L
rd
_0|L
rlr
B
mlo
>
>
o
o
\1
)
!
I
R
>
ri
=2,
k=)
&
2
R
>
>,
oo
ol
&
i
-
Ho

Abstet. o] H & A rate] FAbgE A AHANEF S o] &M A
& 2AsE Wyelth A E 54 W= 885 A#l(Euclidean Distance)[6
3,641, A}l A (Cosine Distance)[65,66], "3 E A2 (Manhattan Distance)[67],
] o= A A 9= (Pearson Correlation Coefficient)[68], AF7+= A 2] (Jaccard Distance)
[69] SR Sol deon 7P Rudow fFIg= Aget IZAR A, ol
FHAG, A7t A SAHHe] &8E L

FEHE Adde aHlA B ofoldl IFo] FARE AlteteE MY AR W o
= 7P AdkAolar AdRkAl Al sidelth. dwkA o 23 AelA 7 AR
o Aele detadts Ao wel ALt shARE nxpd o] F ol A F FZHe
A& Fat7] A8 Fetaetse] FYE 25 vl SEAR Aol FEEE AR
g A2 224k o

EuclideanD(x,y)I E(xi—yi)Q (2-4)
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AAE HelHe A FAAS 7HAE dEHly a9 2 JHeR s
UTH EF RS A= d"ol= o] d e ARt o] Fol Adtel d¥dS A=
27174374 (Auto Correlativeness) ¥ o] ol A7 &7 g Abzlo] o] Fo Ao
HAFAH S %25 o5 H (Moving Average) Aoz FRATH71]. 93] &3
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Al 7HA g el A (2-8)3 2t
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stal cE Y3 A Zoe olth o714 e(t)d}> white noisedtil FEwW

o] 0o]aL FAko] 191 A2 A =EH randomd Fhelth =, X(t) g2 Hfo
axX(t-1+col™ #Abo] uQl A& EolA =F4= ol %AO]E}% Seol BH711.

l‘#J
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g2 A|Zto] A= ojudt Random Variable

X
9 Bradel A0 SANAY Qa4 47 % 90 Oﬂ—% =
[e)

oA o Fol A dvtHow T AV e SUbehe Aol i, oF
AN Ae= s Fashs 4ol vk ddo A7 AHEFol s d A7) A
S&ol FHe FA= & Aot AT 9, AY] ARl dvih 2 A
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olFHIT S AAYE RYPo R FA3 Aol MAERHo|etal F 21, do]Ee H
Tk AA 7 Al bl wme)k Wsksk= 7 & o] Moving Average©] t.
ARMAXE. & Autoregressive Moving AverageZtt 9% AREHE Y MAREY
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i=1
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A T AEARE RS dSeks EdES oty [19 4-8]9 o] whEdth
AF7oA BAEAAA FHE= Hely S75 A8 7HA7F oy 25 4 Ay
ARSI Faetn, ASo] W AsHA HW SAIZM EE HelyrE A5 drh 1L
A 9 dHolHE AT & e HolHrt FF AYAREF volHY lonR
129 CNNE & ARt}

AAE "Holgol A&317] YA 12 CNN(D convolution)[90,91]2 = ¥ A
glojofol] wjxste] AR HElS A4t des FFAI7I A gkt Kernel
sizeE 5, filterE 15070, padding= ‘same’, strides™ ‘1, activation function< relu
£ AHE

T oA, Al 1A Helojol= LSTMS wix|stlar, &9 #olol= 3044 3kl
o} 22]a 4l HA #lo]o]i= Dense Layer[92]5 =¥ dolo] 3071= ®ix], t}Al
HA Heolo]= Dense Layers =¥ dolo] 10712 vix], 7 o5 &=H4A%E sh
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) input: | [(None, None, 1)]
convld mput: InputLayer

output: | [(None, None, 1)]

Y
input: (None, None, 1)

convld: ConvIiD

output: | (None, None, 150)

Y
input: | (None, None. 150)

Istm: LSTM

output; | (None, None, 30)

Y
input: | (None, None, 30)

Istm_1: LSTM

output: | (None, None, 30)

Y
input: | {None., None, 30)

dense: Dense

output: | (None, None, 30)

'

Y
input: | (None, None, 30)

dense |: Dense

output: | (None, None, 10)

Y
input: | (None, None, 10)

dense_2: Dense

output: [ (None, None, 1)

Y
input: | (None, None, 1)

lambda: Lambda

output. | (None, None, 1)

[ 4-8] F3F AHAEH 12 o3 YEga 72

A5 wEa RS 5A7]7] Yal A loss function¥ optimizer7}

o aHA AFgE FFE HEA oY F/FY loss function} optimizers
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L
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12
17
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2
rr

HAaed 52 Hed e oS3y AAZ(E el

[e) =
Pl e FHe £AF47 1o o)d mwal 9lE =3 (binary_crossentropy)
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U W5Fd 2z ol E &3 (categorical_crossentropy) &< FH FAlo AMEE I o
& 7kl 319 Al dE] AMEEE SRS Hd Al L AHMSE; Means Squared
Error)$} MSEel FE(yv S #& A# B AlF22HRMSE; Root Mean Squared
Error)7} Slth.

SmallFrrorLoss = +/error (4-5)
BigFrrorLoss = lerror| — 0.5
HuberLoss = IF(|error| < 1) SmallFrrorLoss : BigFErrorLoss

optimizert= o1& F/H7F AdEd 2 FTolA B AFfd s B JHE 2 F o]
A 9] optimizers AAstaxl ok
A AR GEAX AL W (SGD; Stochastic Gradient Descent) &5 &
AA delgel 7teAE At g, dF FET dHE dHolHd 7tsAE
AETHA] AHHom Ses AHAT Fes v
b

T AR 2 2 (Momentum) AL dH7
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TAE FAs] Aol £ A WF(+-)S Faste] AL 22 WFew AdAYD
etk A s otk 2 ol el 22 ghe A te whe 2AsE
= Ao 2t vebd 5 vH95]

Al AR ottt et =(Adagrad)= W] A Slrol whel S5 ES FASE
Aol F7hE Wgolw, AA WstskA ¥ WEgE eSS AAsta, AA ¥
e Wea2 SeEs A du96] o= A WEe Waes HAH gl 23

Aoleh= 7Hgstol 22 A= olsshar AU gs =AskaL, A A Wkt
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MAESe SHES 2 skl WM lossitg 2T wd £ 1Y dlolE}
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WGy E S Rdd 8381 22t
U Az el A2 5 RMSprop) Al ols@d oz, oftfadt=el G(be]
T4 AA = As BAT & ds g oln9T7].

A o}w(Adam; Adaptive Moment Estimation)< Momentum¥} RMSprop
= zg3 AAs o)tk RMSpropel gradient Al Al Hgk S A&}
+ 3lo] Momentum®] 57, gradient® Al¥stA &< #s Ab&st AFPdS
Tstar 2ol &8-S rH98].

obefl [ 4-8]% optimizers A7) 93] A= dolHE didoe= AAS
ottt 1 23 Adam o] 2 =iolA AR €5 Rdole M £ Aes

BT 284 E A7) APelE Adame AFEhe] RS Sha.

2
=
2o

[3% 4-8] optimizer =73 MSE, MAE

L SGD &
A
optimizer Momentun Adagrad RMSprop dam
MSE 0.001924465 0.002298609 0.0047534 0.000537506
MAE 0.036171153 0.036102742 0.0540142 0.019394478

th52 o ZZ(epoch)e] ol w& Rdle
M AETH99]. x=2 o = (epoch) 7H0]
57} DepAy] Yo o E2= 2A FE 2L % A9 w3 E (overfitting)
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BomRoA Al wue A9 Algorithm 1€ 2@a g 9. WA 944
JHEE 4¥ dolH Fud AR/ NE BFHelth AYY] WEE WA DBeA
zs) gk AYE P ALAEF HolEE 2sm, RS B AW T
AYALE RS A, Ae HolHAEE Fulshs AAY $4L SRR 2
ga AXLE deleE ey e gstel shpAvlm A5 P 77 A
AAEFE 1 A 2% AF v AUAST RS B AA T A
YA ANSD o2 VMo 1} dZH AgFe] AFAT ANl 27
%% @k 2 AZE UolHE olgHA AF T AUAEFS A5,
g A,

Algorithm 1. Weighted CNN-LSTM Processing
Input: MeterList

Output: ResultDataPool
Definition: Ra - After real data(first real data after missing termination)
Rb - Before real data(real data just before missing)

1 begin
2 Initalize list TmpRetPool;
3 READ MeterList with MissingValues;
4 for each MID in MeterList do
5 AccumulatedUsage = AccumulatedUsageDB.getvalue(MID);
6 IntervalUsage = COMPUTE IntervalUsage by time using AccumulatedUsage;
7 Mode! = DeepModel!.fit(IntervalUsage);
8 DeepMode | _IntervalUsage = Model .predict;
9 Sum_DeepMode | _InervalUsage = Y, DeepModel_IntervalUsage;
10 TmpRet = Ab
11 for each EIU in DeepModel_IntervalUsage do
12 Weighted_Usage = (Ra - Ab) x EIU / Sum_DeepMode!_InervalUsage ;
13 TmpRet = TmpRet + Weighted_Usage;
14 TmpRetPoo! = TmpRetPool .putvalue(TmpRet);
15 end for
16 Resul tDataPool = ResultDataPool .putvalue(TmpRetPool);
17 ClearTmpRetPool ;
18  end for
19 end
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Hardware

Database : Oracle Express Edition (XE) Release 18.4.0.0.0 (18c)
Language : Python 3.8.8

(Anaconda 4.10.1 64-bit)
Deep learning : Tensorflow 2.5.0 (with keras)
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Target Count == 1000

Start Meter == MO0O0O1

Performing stepwise search to minimize aic

ARIMA(2,1,2)(0,0,0)[0] intercept : AIC=-1538.715, Time=0.58 sec
ARIMA(0,1,0)(0,0,0)[0] intercept  : AIC=-1301.744, Time=0.08 sec
ARIMA(1,1,0)(0,0,0)[0] intercept  : AlC=-1539.291, Time=0.05 sec
ARIMA(O,1,1)(0.0,0)[0] intercept : AIC=-1467.861, Time=0.18 sec
ARIMAO,1,00(0,0,00[0] 1 AlC=539.566, Time=0.03 sec
ARIMA2,1,0)(0,0,0)[0] intercept  : AIC=-1540.933, Time=0.08
ARIMA(3,1,0)(0,0,0)[0] intercept : AIC=-1539.280, Time=0.15
ARIMA(2,1,1)(0,0,0)[0] intercept  : AIC=-1540.810, Time=0.52
ARIMA(1,1,1)(0,0,0)[0] intercept  : AlC=-1541.294, Time=0.31
ARIMA(1,1,2)(0,0,0)[0] intercept  : AIC=-1540.147, Time=0.40 sec
ARIMA(0,1,2)(0,.0,0)[0] intercept  : AIC=-1513.328, Time=0.22 sec
ARIMA((T,1,1)(0.0,0)[0] : AlC=-1475.593, Time=0.13 sec
Best model: ARIMA(1,1,1)(0,0,0)[0] intercept

Total fit time: 2.728 seconds

Complete =» MO0001

sec
sec
sSec
sec

Start Meter => MO0O002

Performing stepwise search to minimize aic
ARIMA(2,2,2)(0,0,00[0] : AIC=inf, Time=0.53 sec
ARIMA(C,2,00(0,0,00[0] 1 AIC=-310.168, Time=0.02 sec
ARIMA(1,2,0)(0,0,00[0] : AlC=-317.592, Time=0.03 sec
ARIMA(D,2,1)(0,0,00[0] 1 AlC=-327.948, Time=0.05 sec
ARIMA(1,2,1)(0,0,00[0] : AlIC=inf, Time=0.24 sec
ARIMA(0,2,2)(0,0,00[0] + AIC=inf, Time=0.16 sec
ARIMA(1,2,2)(0,0,00[0] : AIC=inf, Time=0.25 sec
ARIMA(O,2,1)(0,0,0)[0] intercept  : AIC=-325.960, Time=0.08 sec
Best model: ARIMA(Q,2,1)(0,0,0)[0]

Total fit time: 1.335 seconds

Complete == MO0002
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o}
T2k HEALE S o G5}
2

Meter id Hour Real Similar

o 10001 0000 255.978 296.932

1 MOoG02 0000 4791182  4791.140

2 MOQO3 0000 4450127 4450136

< MOOO4 0000 2250931 2250416

4 MO00S 0000 3875120 3B7V8.070
23995 MO995 2300 37736.230 37739.740
23998 MO997 2300 191424  1191.424
23997 MO993 2300 9.591 9.591
23998 MO0g93 2300 662.786 662,791
23995 MI000 2300 1799453  1802.214

24000 rows x 4 columns

[2% 5-16] FAH= 7R B A3 23 oy

ZHAE; Absolute Error)E 10007] Al=7] AAE FAsG T X

AZES(0A] ~23A)e] 2L, Y52 Aol ebgrelty. 1d A ARl whel @247t

& 3hge ¢+ A
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d. FAIE 715X 48 BAARe 49 2%
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Similar-Weight ©]t}.

Meter_id Hour Similar_Predict Similar_TermRate Similar_Weight

1] MOdD1 0000 1.544 0173535 1.132186

1 MDODT 0100 0.765 0036129 0.560860

2 MO0 0200 1.035 0. 116525 0.753945

3 KOOOT 0300 0.873 0095259 0.640154

4 MADDOT D400 040G 0.045710 02597712
23995 MA10D0 1900 0150 0016064 0.135807
23996 MA1000 2000 0.595 0.053101 0.445913
23997 M1000 2100 1.121 0100045 0.845777
23993 M1000 2200 0541 0073056 (.634522
239595 M1000 2300 0673 000062 0.507763

24000 rows = 5 columns

ofo
s
ox
i
—_
_>|‘1_'4
£
N\
i
=
=
)
i

[2% 5-19] FAt= 7hA 4

npA ek d A lolE e A3 7 garste] A%
53 A AWAEY A dolHet A4 HelHE T@N

_87_

Collection @ chosun



Meter_id Hour Real Similar_Weight
0 PADDDT  ODDD 232.270 206.2202
1 MOO0Z2 0000 4791.182 4710777
2 RDDDS 0000 4450127 44501243
3 RADDO4  DDO0 2250 931 22503725
4 ROOOS  0ODD 3878120 2ETS. 1144
23995 MO99G 2300 37736.230 377362302
23996 pMo9ay 2300  1191.424 1191.4240
23997 RADSSE 2300 §.591 9 5910
23993 RAD299 2300 B2 756 B2 7863
23999 PM100D 2300 1795463 1799 4529
24000 rows = 4 columns
[1%¥ 5-20] fAte 7hsA 48 24y HSHI oy
FrAFE 719k BAR ZheAE A8 WHoR T]E {FAR 7N BA oA
= AF 73 AT SUF &5 oAk SUbeke dHE Boy A 3 o
= & e 123 vEs ASdoamd 45 A5 F 74 AHAEF H9E
oA = dto] kAol ¢35ttt MAE, RMSE adj22 Ewje 2% <
et oR d4s et oY
[Z% 5-21]2 A= 79k BAWo| 7225 483 100078 Ald7]e]l AlzHd
Agexts a2z = Yetillth fAE 79k B EY e 27l d A8 FhAsta
A5 & 2R das QA 0d FHdh
_ g8 -
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e. CNN-LSTMZ ¥ o3 EAHY 43 27

[29 52312 A WA A7 w4 AdHAEF dHeolHE dAdste] Az
T3F AR A § HolHoly, o] HolHE CNN-LSTMZ % H#Y
o] igste] A5 349 79 25 0AFE 23A17hA & AP RE A ARG
Fe oS53

Time Value

0 2021-07-01 01:00:00 112
1 2021-07-01 02:00:00 1.03
2021-07-01 03:00:00 094
2021-07-01 04:00:00  1.27

B M

2021-07-01 05:00:00 1.00

584 2021-07-2519:00:00 1.49
585 2021-07-2520:00:00 1.33
586 2021-07-2521:00:00 154
587 2021-07-2522:00:00 132
588 2021-07-2523:00:00 161

599 rows = 2 columns

[27 5-23] 54 AF7Iel dAg § 23} voly

[ 5-4]= 2 A=7IE= 74 19 0AFE 79 249 234 dHelHE dAY F

=
CNN-LSTMA Y EdS st B H2ES dste] 25 2 7€ 259 04FH

BATEA 24709 A T3 ALASFE ZSATh AAD Bobel A wel Al
§313 Qe LSTMS CNN3 2@stgon o Assh wEsgs gk ok
e AER 1008 BASED, 2 0 Be ARE [$5 2 EAG,
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[3 5-4] A=71¥ CNN-LSTM
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[19 5-24]= 54 A=7]19 Epoch &3 374
],

o e} o

o
fz
2
N
kel
32
£
rlI,
s
E:!
oy
ok
o

CPOUTT U

2va3 [ ] - 35 15ms/sten — loss: 1.1483 - mee: 1.5473 - R2: -5.9388
Epoch 2/30

23/23 [ ] - Os 17ms/step - loss! 0.2040 -~ mae: 0.5071 - R2: 0.5874
Epoch 3/30

23/23 [ ] - Os 17ms/step — loss: 0.1323 - mee: 0.3955 - K2: 0.7468
Epoch 4/30

23/23 [ ] - Os 17ms/sten — loss: 0.0826 - mse: 0.3283 - R2: 0.8257
Epoch 5/30

23 [ ] = Os 16ms/ster = loss: 0.0656 - mae: 0.2697 - R2: 0.8780
Epoch 6/30

23/23 [ ] = Os 18ms/step = loss: 0.0481 - mee: 0.2262 - R2: 0.9114
Epoch 7/30

29723 [ ] - Os 17as/ster - loss: 0.0387 - mee: 0.2012 - R2: 0.9277
Epoch 8/30

29723 [ ] = Os 1Bms/stes - loss: 0.0333 - mae: 0.1858 - R2: 0.9378
Epoch 8/30

23/23 [ ] = Os 1Sms/step ~ loss: 0.0508 - mee: 0.2448 - F2: 0.9077
Epoch 10430

23723 [ 1 = 0s 15ms/step = loss: 0.0845 - mee: (.1945 - R2: 0.9359
Epoch 11/30

223 [ ] - 0s 15ms/ster = loss: 0.0264 - mee: 0.1651 - R2: 0.9505
Epoch 12730

23/23 [ 1 - Os 16ms/steo = loss: 0.0206 - mee: 0.1389 - R2: 0.9611
Epoch 13/30

Al ] - 0s 1Tms/step - loss: 0.0195 - mee: 0.1328 - R2: 0.9630
Epoch 14730

23723 [ ==s ] = 0s 1Tms/steo = loss: 0.0165 - mee: 0.1296 - R2: 0.9653
Epoch 15/30

2323 [ ] - Os 17Tes/ster - loss® 0.0166 - mae: 0.1202 - R2: 0.9684
Epoch 16730 |
2323 | 1 = 0s 17ns/stes =~ loss: 0.0182 - mae: 0.1296 - R2: 0.9651
Epoch 17730

vl ] - O0s 16ms/stee — loss: 0.0148 - mee: 0.17111 - R2: 0.9720
Epoch 18/30

/30 ==x] - Os 16ms/step — loss: 0.0144 - mae: 0.1076 - R2: 0.9722
Epoch 19/30

233 0 ] - Os i1Sms/step — loss: 0.0137 - mae: 0.1068 - R2: 0.9734
Epoch 2030

2l ] - Os 15ms/step — loss: 0.0160 - mae: 0.1184 - R2: 0.9898
Epoch 21/30

23/ [ ] - Os 15ms/step = loss: 0.0153 - mee: 0.1130 - R2: 0.97(8
Epoch 22/30

273 [ ] - Os 1Sms/step - loss: 0.0241 - mae: 0.1625 - R2: 0.9556
Epoch 23/30

2al ) - Os 14ms/stec = loss: 0.0143 - mae: 0.1145 - R2: 0.9715
Epoch 24/30

2val ] - Os 16ms/step — loss: 0.0123 - mae: 0.0973 - R2: 0.9754
Epoch 25/30

23/23 [resssssssssssssssssssssssssnss] = Og 1Tms/step = loss: 0.0143 - mae: 0.1108 - R2: 0.9725
Epoch 26/30

23/23 [ ] - Os 17ms/step ~ loss: 0.0134 - mee: 0.0883 - R2: 0.9745
Epoch 27/30

23723 [ ] Oz 17ms/step - loss: 0.0126 - mes: 0.0887 - R2: 0.9755
Epoch 28/30

23/23 [ ] = Os 17Tms/step - loss: 0.0123 - mae: 0.0894) - F2: 0.9766
Epoch 28/30

2323 [ ) Oz 16Ems/step = loss: 0.0002 - mee: 0.0753 - R2: 0,8800
Epoch 30/30

23723 (eeesesernrsssssssssrasssssnans ] Os 15me/stee -~ loss: 0.0100 - mae: 0.0IS6 - R2: 0.8806

= 5 2~
(19 5-24] 54 AZF71¢] deoly 35344

[3 5-5]= A#7I¥ CNN-LSTMZA S

wge) 13

gt = o Z=(Epoch) 3

Z7b & H A & AHMAE; Mean Absolute Error)$} R-Square S L#i=

2 FEASAT W olzAa kel uel = -
AT delBs Shirol A ol FoA A @ A Uit
Hlol 4 Aol HolRol AHAEF FlolE

i 5old Ag-s5o] o7l sigHh ofdf = HMER 1074%
=

H B2 A5E [F5 2l FAEA
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[ 5-5] Al#F7]E CNN-LSTMZ & 24 o] s394 (MAE, R-Square)

10

10
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[Z2% 5-25]% CNN-LSTMAF mde] HF o3 Ay o] o]th

Meter_id Hour Real Real_Usage CNN-LSTM CNN-LSTM_Usage

0 MQ001 0000 555.578 0.190 5554855 0.0975

1 MO002 0000 4791.182 0.586  4791.1374 05214

2 MOO03 0000 4450.127 0.059 4450.1789 0.1109

3 nMO004 0000  2250.931 0603 2250.7780 0.4500

4 MOO05 0000 3878.120 0.452  3878.0999 0.4319
23995 MO996 2300 37738.230 0670 37739.6852 0.86534
23996 MD997 2300 1191.424 0.010 1191.3558 0.0072
23997 MO998 2300 9.591 0.000 9.5934 0.0001
23998 MO999 2300 862.786 0.313 662.0591 0.2275
23999 M1000 2300 1799.463 0478 1796.9197 0.3552

24000 rows x 6 columns

[2% 5-25] CNN-LSTMZ % 22 o] o523} to]E

[Z19 5-26]2 CNN-LSTMZE =deo| o= An=
= AlAtstel AA dlolE e Ao AtE mlustlv. A5 Holrt
P AEG S7tske AS & ALt o

_/":
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[2¥ 5-26] CNN-LSTMZE o= Al=r]d A 7E AE(Absolute Error)

el A% Fire] WolWFE Ak AYL & 5 vk

—— MAE

25 — mMse /
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Bt = b
timestamp
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f. CNN-LSTMZ % 75X 4 & “AHe 48 A7

-28]> 9 Aol Faqe W&y 2 CNN-LSTMZAZ Zd= 45
12k d &k, 12 4543 A9 CNN-LSTM-
e 12 sk 7 AR 3 A E
AHE S HE 2 oA AAE A, CNN-LSTM-TermRate Z#ojt}, z12la A=
S AF A5 AT FA HAYAEEF ge] AE AAFEA

i 1

NEAE g 23} dlZAEgo] B

(1A

Meter id Hour CNN-LSTM-Predict CNN-LSTM-TermRate CNN-LSTM-Weight

0  MOOO1 0000 0.0975 0.0289 0.1884

1  M0O002 0000 0.5214 0.0424 0.5059

2  MO003 0000 0.1109 0.0451 0.1778

3  MOOO4 0000 0.4500 0.0659 0.3794

4  MOOO5 0000 0.4319 0.0420 0.4345

23995  MO996 2300 0.8534 0.0366 0.7268

23996  MOS97 2300 0.0072 0.0417 0.0100

23997  MO998 2300 0.0001 0.0417 0.0000

23998  MO0%99 2300 0.2275 0.0606 0.2715

23999  M1000 2300 0.3552 0.0449 0.3795
24000 rows = 5 columns

[29 5-28] CNN-LSTMZA3 22| A7 14 o523 o]y

[1%) 5291 CNN-LSTMA® 71548 488 23 3236 25 o4 v}
A wA AHAEE dolHel A% 7 AT 72 AYAEE Fuste] HE
AZd F4 AeAgw Ax voleel A4 HoleE maHt
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Meter_id Hour Real CNN-LSTM-Weight

0  MOO01 0000 555578 555.5764

1 MOCOZ 0000 4791182 479112159

2 MOCO3 0000 4450127 4450.2458

3  MO004 0000 2250931 2250.7074

4  M0005 0000 3878120 3878.1025

23995  MO0Z96 2300 37736230 37736.2300

23996  MO0S97 2300 1191424 1191.4230

23997  M0398 2300 9591 9.5910

23998 MO99% 2300 662.786 6527360

23995 M1000 2300 17994563 1799.4631
24000 rows x 4 columns

N

[29 5-29] CNN-LSTMZA 9 7= A48 HAF 23} dHolH

[ 5-6] A%/ CNN-LSTMAH /A5x4 alZazs Axldolgg
Fadim stk AA dolE mul e Al B e S 2 5 vk ohd

WER 10705 EAISHA T

ro

=1
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i 5-6] AlF7IE CNN-LSTMZAF 7t 4 8 d3Z2aet AAdoely v]al
[ /= = 58 =52 A H ey H
se2
— Real
205 Prdiction
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L .
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E E
ssa
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ss7
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[ g Fi) 3 @
timestamp
360 [ —
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B85 855
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2 z
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B0
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2378 £ =0}
[ 3 i) b3 @ F)
timestamp
— Real 19995 { — Reat
p— Prediction Prediction p
18990
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a3s
= =
2 2 wys
B830
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w825 e
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820
] 3 It b F 1) 3 E3 B
timestamp timestamp
10630 | — Real sean | — real 2
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w520 - p
w510 e /
£ 1600 < 4537
E £ 3
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/
1580 w5 /
w570 4634 /
[ g ) E3 @
timestamp
12850 —
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- £ 12820
z E
514
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12830
a2
12625
s10 12820
] s ) Fis = 3 3 Fi) 5 B
timestamp timestamp
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A7k 0ol S st

timestamp

[29 5-30] CNN-LSTMZ3%} 7tax148 AZF7|E A 7Hd AE(Absolute Error)

[2% 5-31]2 100070 Al =7]el hgk Az MAE$ RMSEE #4183t CNN
-LSTMAF 7FsA 44 BAHS CNN-LSTMZA S wAHY o2 45 39

% By Vol FHE AL % & Ank

06 4 — MAE
/_/x —— RMSE
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E 034 /
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timestamp

[19 5-31] CNN-LSTMZ3 7tsx48 BAH A7d MAE, RMSE

_99_

“Collection @ chosun



P74 Az

B.

N = e % o < o F oo
T N o 70 -
T m LT o o
M I~ RO _ML «
of m o< oM W . =
o oW e T OF = o
ajo ol ) N K oo & o
T R T o B - T
ny [l 2 o T
ol) olo T R T o - AWH
~ — = = o
N m I 15 -
Wy TR = N o T o
M T < z
—_— 0 L O#E E o
"R B eI
N v oz Fomow o .
ﬂAl.._ o) MM B W _,_M B i &o z.L OE
— N of- R 90 (-
_Mu W o _nWM R = i N B
ﬂ ﬁo —~ \m«! ﬂ_yl O#E ﬂAlx_ \_.._WO m
_é. — B o o oo o] 3 =
WE g HT Gdw 5w "=
CT o A 3 T X
o) ool = < < 2 E ; T %
e T ] BT oo
w;%%%@%ﬁ Yoy
JIL ‘WH
\oﬂr.ﬂmﬂ%bku%x )
% ~ o n =
. pes " LE_MU M T gl i wu B L E,.u pr) m,*
oy W T Mo o RO w..ew_ o e
= X o8 = SioE A
;oM _ X Og HL & o E B 1 NP
B N J) o o Al g m.mm..m._m_w_ o ) %
Wﬁ 0 o ﬂAI\_ NG ﬁo ’ R et i ‘_.ﬂnw._ 3
# o X Gl o = B e e |
T Ho +~ B3 =T sEEffz2 =
op X o i~ 55255605 o
w % aoﬂ],aﬁA - o
i S RO = iEEEEED o &
B T m__w i = _ o
o BT BTN =
ERET ST M IO
oo T & O w Y .
<~ N X il L G
TR T NN RN N ol

- 100 -

Collection @ chosun



3E 57 ARE A5 B U oS4t AAdoely Bl
[ e} 7 = =7 [e] o H = - = = AT B H
— FReal 1828 { — Real
Uinear Linear
— arma — arma
1700 { — Similar — Similar
—— Similar_weight 1826 { —— Similar_Weight
| LSTM y, CNN_LSTM
—— CNN_LSTM Weight —_
g I LSTM Weig CHN_LSTM Weight
1824
= =
Z w60 El
1822
1685
1820
1660 A
1818
] 5 ) 5 n ] s pt) 5 o
timestamp timestamp
2600
5558 { — eal — Real
Linear Linaar
— ARIMA 2598 { — ARIMA
55565 { — Similar — smiar
—— Similar_Weight 595 | —— Similar_weigne
N LSTM THN_LSTM
5554 | — CNN_LSTM_ Wieight —— CNN_LSTM weight
2594
= =
ss52 2592
E E
2590
5550
288
5548
586
ss46 ==
[ 5 ) 5 20 o 5 1 5 o
timestamp timestamp
a920 [ peal — Real
Linear 4632 Linear
— ARMA — ARIMA
— similar ag30 | — Simitar
4918 | — Simitar_weight Similar_Weight
CNN_LSTM CNN_LSTM
—— CNN_LSTM Weight 28 CNN_LSTM_Weight
16 428
E E
E B
14 1522
4520
12
4518
] 5 ) 5 n ] 5 ) 5 o
timestamp timestamp
— Teal coaso | — Real
Unear Linear
BET | — ARIMA — ARIMA
— similar 0425 { — Similar
355 | — Smilar Weight — Similar_Weight
NN LSTM 50400 N _LSTM
—— CNN_LSTM_Weight —— CNN_LSTM Weight
s 50375
= =
= mes Z w0
3283 50325
- 5030.0
0275
381
5025.0
] s W 5 B o H i 5 n
timestamp timestamp
6232 { — Real — Real
Linear 5055 Linear
— armn — ARMA
8230 — srtar — similar
— Smilar Weight —— Similar_Weight
g228 CNN_LSTM 5050 CNN_LSTM
—— CNN_LSTM Weight —— CNN_LSTM Weight
s225
5045
=
8224
S H
8222
B
sa2z0
8218 s035
8216
[ 5 1 5 0 1) 5 = )
timestamp timestamp
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[Z7 5-33]2 A= 73te] A7t 574 dYAEFS A5 AF Ayt HolH

ojtt.

Meter id Hour Real Linear ARIMA Similar Similar_Weight CNN_L5TM CHNN_LSTM_Weight
i MO0001 0000 555.578 5556594 5557607 556.932 556.5202 555.4855 555.5764
1 MOO01 0100 555707 5559308 556.1681 557.697 557.0812 555.5971 555.7921
2 MOOD1 0200 556113 5562021 556.4842 558.732 557.8401 5557693 556.1249
3 MO001 0300 556.793 5564735 S556.7911 559.605 556.4803 5561010 556.7659
4 MOODT 0400 557.460 5567449 557.0664 560.011 558.7780 556.3801 557.3052
22995 M1000 1800 1797.288 1797.7020 1797.7030 1795 804 1796.8901 17971134 1797 5327
22996 M1000 1900 1797.467 1795.0540 1795.0520 1795.984 1797.0259  1797.3374 1797.7721
22397 1000 2000 1798.141 1795.4060 1795.4020 1799.579 1797 4748  1797.8015 1798.2681
22998 M1000 2100 1798.573 17857590 17957510 1800 700 1798.3206 1798.2022 1798.6963
22999 M1000 2200 -1798.985 17991110 1799.1000 1801.541 1798.9551 1798.5645 1799.0835

23000 rows = 9 columns

[2¥ 5-33] A 249 23} volH

A
3

(19 5-341%= 10007) A@7] A 2F A volHE aokd Anolr. AUk
3 H4gke] FFol7h wol WAFe R MSE, MAE, RMSE ¢ BAER o3&
(e}

Hl sk A2 AgstA] &S % o a2#3A Frrdom Had giv] @ 2xHMAPE;
Mean Absolute Percentage Error)®= AlAtsle] HlwE 4=3) 3} o}

Real Linear ARIMA Similar Similar_Weight CHMN_LSTM CNN_LSTM_Weight
count 23000000000 23000.000000 22724000000 23000.000000 23000000000 23000.000000 23000.000000
mean 6164020763 6164435855 6215100670 6164047446 5163904251 6163720038 6164.113128
sid GB60403715 6660723606 6651569134 6660637622  G660.410366  BGED.G0TTTI B660.537885
min 1.045000 1.045000 0.000000 1.045000 1.045000 1.045000 1.045000
25% 2074145250 2074170000 2120480000 2074 144000 2074145050 2074.071825 2074 147450
E0% 4336715000 4336424500  4369.331500 4337 145000 4336395100  4336.853100 4336.562050
Th% 8600 557250 B600 544500 8779 334000 8601038000 8600 654850 8600 149550 3600 586725
max 382950 020000 82950 110000 82956270000 S&2958 050000 82850 632000 82252 991400 52949 934200

[13 5-34] ©A 43 23} g dHolH

[1¥ 5-35]¢ Al7]dE AzbdE P d v S AHMAPE; Mean Absolute Percentage
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Error)E Ak

Meter_id Hour MAPE_Linear MAPE_ARIMA MAPE_Similar MAPE_Similar_Weight MAPE_CNN_LSTM MAPE_CNM_LSTM_Weight

0 MODO1 000D 0.014851 0.032885 0.243710 0.169589 0.016649 0.000288

1 MODO1 0100 0.040273 0.082975 0358102 0247289 0.019777 0.015314

2 MODD1 0200 0.016022 0066749 0. 470947 0.310566 0061804 0.002140

3 MODO1 0300 0.057382 0.000341 0505035 0303039 0.124283 0.004357

4 MODO1 0400 0129391 0.072213 0455989 0.234811 0195329 0.029353
22995  M1000 1300 0.023035 0.023080 0.084348 0022139 0.009715 0.013815
22996 M1000 1900 0.032857 0.032548 0.054397 0.024540 0.007210 0.016974
22997  M1000 2000 0.014737 0.014515 0.079971 0.037049 0.013351 0.007068
22998 M1000 2100 0.010342 0.008597 0118260 0.014033 0.020615 0.006555
22993 M100D 2200 0.007004 0.008392 0.142080 0001682 0.023374 0.005475

23000 rows = 8 columns

[29 5-35] A 4

%

EEE

BAWE MAPE

(28 5-36]8 A hH] 2 2XH(MAPE; Mean Absolute Percentage Error)E A%t

a2 AR Aoty

Hour MAPE_ Linear MAPE_ARIMA MAPE_Similar MAPE_Similar_Weight MAPE_CNN_LS5TM MAPE_CNN_LSTM_Weight

0 o000 0005751 0409053 0.005474 0005546 0.004000 0003050
1 00 0009542 0412835 0.008972 0010141 0.007023 0005269
2 0200 0012985 04171886 0011801 0013112 0.008485 0.008952
3 0300 0.015767 0.421505 0014154 0015426 0011733 0005251
4 0400 0018481 0.425357 0.016013 0017416 0.013915 0009322
5 0500 0.021261 0.43028%9 0.017748 0.019723 0.016083 0.010105
6 0600 00240585 0.434457 0.019340 0021504 0.018201 0.010872
7 0700 0.026027 0.435054 0.021242 0023756 0.020201 0.011341
8 0800 0.027571 0.441585 0.023518 0.025695 0.0221583 0012161
9 0800 0026647 0.445333 0.025731 0.026219 0.024375 0012705
10 1000 0029040 0.449585 0.029408 0.027409 0.0265738 0012745
11 100 0029937 0.453275 0033168 0028073 0.028136 0.013105
12 1200 0030354 0.455141 0036858 0028936 0.025569 0013409
13 1300 0030274 0.453442 0.039213 0029708 0.031615 0013448
14 1400 0030477 0.461043 0.043037 0030046 0.033354 0013319
15 1500 0030105 0464230 0047283 0.030553 0.035523 0012963
16 1600 0029793 0.467294 0051765 0030144 0.037 787 0012400
A7 1700 0025503 0.463120 0055597 0028058 0.039585 00113358
18 1800 0.026212 0.469887 0058510 0.027542 0.042543 0010194
19 1800 0.020954 0.470873 0.062436 0.023927 0.046154 0.003537
20 2000 0015975 0472305 0.065962 0.020025 0.045628 0.007402
21 2100 0011161 0.474450 0.065250 0.013093 0.052986 0.005629
22 2200 0005945 0.476444 0.069425 0007576 0.056275 0003155

[C19 5-36] dAl A3 Aol wAgwd A3 Ht MAPE
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[19 5-37]2 A7 A= MAPES ALtskdda,

EX“HA MAPE#S 2dfz=2 Fs3ivh AdrAgnst 7
7

o

04

034

0.2

o1

= MAPE_Linear

MAPE_ARIMA,
MAPE_Similar
MAPE_Similar_Weight
MAPE_CNN_LSTM
MAPE_CNN_LSTM Weight

0.0

0 5 10
timestamp

[1¥ 5-38]> A MAPE# e Qo H ol

10007H AgE71e] 24413 3t MAPEZ:2

_f_br
=7 b voka B o= A Aetsk WA

’

7} i,
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Time MAPE_Linear MAPE_ARIMA MAPE_Similar MAPE_Similar_Weight MAPE_CNN_LSTM MAPE_CNN_LSTM_Weight

count 23 00000 23.000000 23.000000 23000000 23.000000 23 000000 23.000000
mean 11.00000 0.022409 0448683 0.035304 0.022453 0.023936 0.010020
std 678233 0.008522 0.021387 0.020864 0.007791 0015157 0.003345
min  0.00000 0.005862 0.408083 0.005541 0.008626 0004043 0003117
25%  5.50000 0.016064 0.432373 0.015769 0.016621 0.017330 0.007921
50% 11.00000 0.026343 0.453275 0.033571 0024218 0.025478 0011004
75% 16.50000 0.029777 0.458207 0.054333 0025421 0035308 0012880
max 2200000 0.030723 0.476444 0.07026% 0.030955 0.056858 0.013609

[1¥ 5-38] MAPE £.¢F do]H]

251 — RMSE_Linear
= BMSE_ARIMA
= RMSE_Similar
—— RMSE_Similar_Weight
20 RMSE_CNN_LSTM
—— RMSE_CNN_LSTM_Weight
15
[FN)
2
10
05
GO ik T T T T T
0 5 10 15 20
timestamp

[29 5-39] dA 423 A7d RMSE

[(29 5-40]2 A A dlo]go] W3k AE(Absolute Error)E B2 &3 (box plot) 2
2 xdrh vts FRoER B8 o dd) oo g ¢4+ ARIMA &5 H

F > AP EAH > CNN-LSTMZS o= 2498 >
NN_LSTMZE 7248 BAY ot 85 A7

= ded ngyel 49 £ A%E ngor

oE

o
T o
©

off
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UM el 71F oy THA ol E # =EoAdes "HEd BAWA TSRS A8
_]

Aol o £ Asst e A

[+]
o
o
o
40 o]
g o
E]
8
: 8
o a
30 g
= g
0 :
o 8 g
g 8
8
=]
20 g o
5 E
8
10
o] i = I _[
T
Linear ARIMA Similar Similar_Weight CNN-LSTM CNMN-LSTM_Weight

[1¥] 5-40] AA] " o]lE 9 AE(Absolute Error) boxPlot

[3 5-8]2 A AF7lol gk 2t 24 i Ag Hrray) vuxgs s 2343

C B EEAA Akt mAWHo] BE HIFARAA M 4% Adrh vt
A=t b g BnAgEe ARIMA oS mAoldnt. HaAl# L 3HMSE) &=
] ‘0.218447 2.2 ARIMA oS RAGHRTE oF 408] o]
A A F LAHRMSE)E 68 o] =tk MAPE #ho = wHla
Aol = B =foAl Aeke BAHo] ‘0009899 o2 ARIMA oEF HAY
‘0.448682" ®.t} oF 450 o] o & HIwrt 7H -3

o

[ 5-8] QA AF7ol e 2+ wg e A8 Bohast ua

T = MSE MAE RMSE MAPE
My EHH 2.320586 0.712757 1.523347 0.022139
ARIMA o & HZXHH 8.883553 1.448703 2.9805629 0.448682
FALE 7|gh B 7.044095 1.193031 2.654071 0.035867
TALE JtEXHE E8H 1.782093 0.694318 0.694318 0.022185
CNN-LSTMZ &t o & 28 1.960150 0.735364 1.400053 0.028588
CAN-LSTMZE R 7HSA1M 8 EAH 0.218447 0.256664 0.467383 0.009899
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U AFE AL 6714 B A 24N3be] Aol WAT FSE Y
2 sla, olel wet 7 wAW MWL AASRAT. A AW FolA 2
= 2ol oAy AYRANT S8 21U B =y

2y
o
>,
>
i
%
=
o,
D
> o
k'ﬂ
E
=
=
w
&
Lo
— =N

Missing_Count MSE_Linear MSE_CNN_LSTM_Weight MAE_Linear MAE_CNN_LSTM_Weight RMSE_Linear RMSE_CNN_LSTM_Weight
1 0.0168033420000000 0.0249462785000000 0.0649960000000000 0.0859336000000000 0.06849960000000000 0.0859336000000000
2 0.0440353209400000 0.0423017898300000 0.0947450000000000 0.1111762000000000 0.0947450000000000 0.1111762000000000
3 0.0683654381433333 0.0601882220133333 0.1169449666666667 0.1331463333333333 0 1169449666666667 0.1331463333333333
4 0.0968202388500000 0.0773833194500000 0.1418713500000000 0.1522039500000000 0.1418713500000000 0.1522039500000000
5 0.1235558162080000 0.0941552726260000 0.1633384000000000 0.1696807400000000 0.1633384000000000 0.1696807400000000
6 0.1487911861533333 0.1098718242083333 0.1840566333333333 0.1857887833333333 0.1840566333333333 0.1857887833333333
7 0.1840644658371429 0.1260320015414286 0.2121744857 142857 0.2011095857142857 0.2121744857142857 0.2011095857142857
8 0.2368897018375000 0.1424808950525000 0.2433038250000000 0.2150913500000000 0.2433038250000000 0.2150913500000000
9 0.3157423802111111 0.1609746376333333 0.2759906222222222 0.2287913565555555 |0.2750906222222222 0.2287913555555555 |
10 0.4055508228260000 0.1779392437050000 0.3144923000000000 0.2407007500000000 0.3144923000000000 0.2407007500000000
11 0.4985359819545455 0.1926190428154546 0.3501588909090909 0.2509660272727273 0.3501588909090909 0.2509660272727273
12 06157012936483334 0.2051796015383333 0.3896057666666667 0.2595682166666667 0.3896057666666667 0.2595682166666667
13 0.7549528620146154 0.2173756841468231 0.4284464076923077 0.2671112076923077 0.4284464076923077 0.2671112076923077
14 0.9301835302492857 0.2276746403400000 0.4650136214285714 0.2731185000000000 0.4650136214285714 0.2731185000000000
15 1.1662580557 146667 0.2360288698760000 0.5001157466666667 0.2780949800000000 0.5001157466666657 0.2780949600000000
16 1.3150993480956250 0.2428762356218750 0.5240205562500000 0.2820449437500000 0.5240205562500000 0.2820449437500000
17 1.4932633724247060 0.2477609589476470 0.5562338000000000 0.2851057705882353  0.5562338000000000 0.2851057705882353
18 1.6788330064588890 0.2501023813883334 0.58752985556555556 0.2867367833333334 0.58752985655555556 0.2867367833333334
19 1.9140072496910527 0.2503297030363158 0.6279943526315790 0.2868519315789474 0.6279943526315790 0.2868519315789474
20 2.0585520625729998 0.2483710375875000 0.6629494000000000 0.2852492950000000 0.6629494000000000 0.2852492950000000
21 22492338291414287 0.2441020514395238 0.7029026904761905 0.2818753952380952 0.7029026904761905 0.2818753852380852
22 2.3930479056636362 0.2369481089726364 0.7301635636363636 0.2760390090909091 0.7301635636363636 0.2760390090908091
23 2.4214812538717302 0.2279449451321739  0.7437464130434732 0.2678234086956522 0.7437464130434722 0.2678234086956522
24 2.3594392225208334 0.2184472414116667 0.7415496833333334 0.2566702333333333 0.7415496833333334 0.2566702333333333
[19 5-41]1 23 Zolo W& MSE, MAE, RMSE dl°]H
[27 5-42]%= ¢ dHloJHE 7|ute & RMSEE 1#2a ndsisich 45 Ao
17 duj= AgrAgwol o oy 7Y A7 AFEHA CNN-LSTM

A% FhER AL BA
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= RMSE_Linear
074 — RMSE_CNN_LSTM_Weight

0.6 A

05

o4

03

0.2

014

0 5 1 15 0
Missing Count

[19 5-42] 25 Aold & RMSE
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