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Abstract -In this study, we have developed a forecasting model for city- gas acceptance.
City-gas corporations have to report about city-gas sale volume next year to KOGAS. So it
is a important thing to them. Factors influenced city-gas have differences corresponding to us-
age classification, however, in city-gas acceptence, it is hard to classificate. So we have consid-
ered tha outside temperature as factor that influence regardless of usage classification and the
model development was carried out. ARIMA, one of the traditional time series analysis, and
LSTM, a deep running technique, were used to construct forecasting models, and various
Ensemble techniques were used to minimize the disadvantages of these two methods.Experi-
ments and validation were conducted using data from JB Corp. from 2008 to 2018 for 11
years.The average of the error rate of the daily forecast was 0.48% for Ensemble LSTM, the
average of the error rate of the monthly forecast was 2.46% for Ensemble LSTM, And the abso-
lute value of the error rate is 5.24% for Ensemble LSTM.
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Fig 1. The graph of city-gas acceptance during
6years

A B ko] AtfHo R oEsy| ujie]
oA 9] 1A ZE(YAsHA g2 HolE 9
)7} 7] wste] FHeFsrhe Aol &
et wheba 2 Aol A= B FA 3] AR
ZAIZEE Qlpake A(1Y), 9(g), 19 &
HRES] A FAE
e} o &3tk= A 84S F= ARIMA 7|3
M 7HS =
| 2345k FAlO| 3
o+ Hols ndd 4
ZNskara} g

Il. EAIZIA Q2 oIS 2 7

of FollMe =AIZIA AeFy 222
et dlolE Mg ARESE] EAZEA ek
A LS AT B FEsH] Al
A2 A4 718 ARIMASE Held 7]Rl
LSTMS ARE-RITh

2.1. ARIMA

ARIMA(Auto-Regressive Integrated Moving
Average) 23> 1A Hlolg 7Rt s AAE
Arets AA D ojE B4 syor, 22
Z7k ol %, 8 o3 So ALgEE wdlo)r),
ARMA 1&o] ot A A|AE (Sationary Series)
ofit AR Psa A3t vlEslY ARIMAE
H]oF A XA (Non Stationary Series)ol| &=
A3 4= 9ok Aol Sith ARIMAS]

=7k 84 A237 Al5% 20199 109



AR - AA e -

=3 2t} Xr= ARIMAE &
st dlolgl olt}.
V=X -9 X, y— - - - _%Xr,_P @)
2.2. LSTM
d2]Jd(Deep Learning)o]et o83 dlo]E
oA el WOl 7S AEsts 1]
A2 d(Machine Learning) @] St Hofo|tt,

gely FRE oghe] Hpzold G
a2 AFAIHW(ANN, Arificid  Neurdl

Networks)ol| 7]ukste] AAE=d] & do|
ol shg o] FA7eR 2] ofe]
< ZHFE wjHol} 24914 T e thepat
Helol AREEIL QU

AAE dlolB A7 A7 Sl dlolE o
M3k AFTe] dFo AT AFY
(RNN, Recurrent Neural Networks)o] Qith. &
A o] A1 742 Feed-forward neural networks
(FFNets)ebL 3}t FFNetse ¢l4to] ¢l2i=
(Input Layer)oflA = 3(Hidden Layer), =
Z(Output Layer)7HA] Ao &2 2=
JEEE BE w=E(Node) S 3l 4 A7
g}, 5175 RNNS 1 o] 22| ojujxg =
Zo] LRE 7k QA 24 F o] ANt thA
2o edzol Yo R S AH o
2 2ol Aolch o]PE dlojgg &
AE 1HT = e RNNE =2 &4,
7teF &2 AAE "HolHE A sh=H A5
g AT BAY FRE 74A T ule
E= dAY ZAE = RNNE TR E o
gt Amel 7 YRS ALt AY Aol

hidden layers

input layer

Fig 2. Structure of an ANN
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2.3. Ensemble LSTM
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Table 1. R square for each area

Area R square
1. Cheonan-Asan -0.8633
2. Sejong-Gongju -0.7823
3. Nonsan-Buyeo -0.7216
4. Geumsan -0.5986
5. Boryeong-Daecheon -0.8616

Table 2. Result of AR analysis for each area

Area Order Var.pred
1. Cheonan-Asan 29 42012894
2. Sejong-Gongju 30 778103766
3. Nonsan-Buyeo 29 67588154

4. Geumsan 15 11961592

5. Boryeong-Daecheon 29 24786719
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Table 3. Result of ARIMA MAPE(%) for each
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Table 4. Result of Ensemble LSTM MAPE(%)
for each area

Area Daily Monthly Yearly Area Daily Monthly Yearly

MAPE MAPE MAPE MAPE MAPE MAPE
1. Cheonan-Asan v 2.51 7.28 39 1. Cheonan-Asan 0.14 1.8 38
2. Sejong-Gongju 3.26 0.9 12.38 2. Sejong-Gongju 02 3.1 6.5
3. Nonsan-Buyeo 0.88 6.94 9.31 3. Nonsan-Buyeo 0.8 3.1 5.6
4. Geumsan 8.68 4.93 7.92 4. Geumsan 1.1 2.1 4.4
5. Boryeong-Daecheon 14.44 7.17 6.95 5. Boryeong-Daecheon 0.1 22 59
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for each Ensemble

Arca LSTM | Ensemble | LSTM | Ensemble
Ratio(1) |Method(1) | Ratio(2) | Method(2)
1. Cheonan-Asan 13.03 VB 13.03 VB
2. Sejong-Gongju 337 VB 54.84 EB
3. Nonsan-Buyeo 43.42 EB 99.99 VB
4. Geumsan 41.95 VB 85.41 VB
5. Boryeong-Daecheon| 50.0 SA 83.0 OP

Table 6. Result of Ensemble MAPE(%) for each

area

Area Yearly MAPE

1. Cheonan-Asan 3.68

2. Sejong-Gongju 8.34

3. Nonsan-Buyeo 7.30

4. Geumsan 6.23

5. Boryeong-Daecheon 4.76
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