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Abstract

The main purpose of this paper is to develop the
campus day-ahead load forecasting platform by machine
learning and geographic information system. First, using
the Python language to write a program to import the
campus electricity consumption and load it into the
MySQL database management system; then, exporting the
data in the MySQL database into a .csv file, and then
import the .csv file to the Long Short-Term
Memory(LSTM) program and to create a load prediction

model after training, and then save it to MySQL or SQL.ite;

finally, the prediction results are visualized display in
Quantum GIS(QGIS) to provide users with friendly
monitor the electrical parameters, real-time data and
forecast results of the distribution transformer. The
visualized forecasting platform developed in this paper is
helpful for providing electrical equipment and load
management of distribution stations in campus.

Keywords: LSTM, Load Forecasting, QGIS, MYSQL.

I @4
LIRS K BB R I R g T g
R AT RS A T 4 BT 2

FE
SARERE - Fl o EPFEEY 2 LRI EL T
S PR A ?ﬂjﬁ:/ﬁ-ﬁ E AR BT 1R
R RV F TR R SRS N
v pE[L-7] LSTM g7 ¢ 4 FRE B ETELAN

Tk

P TIRR R S 2 AT AR A F o
T TR P E R N RFR P ’i"ﬁﬁ\”’?/?"%ﬁp%%
Mol ® ARG RSP w A U SRR 2 TR AT
T ARTEELED PR 2P R B F L
SEF TR ALNER  FORFETR A

FAHPREEPTLLLTAINREI L N
£ 56 MySQL #F 32 > ¥ 8 B8 ¥ 2 (AR SR E

o

B4 2z iz (RNN-LSTM):& = f 455 :Jz_]rg;p Fﬁ‘}i@g]
915 MySQL &
SQLite » &5 » & & QGIS #-* 3 ;{»&ﬁl&p—r Bl ot

gt @ QGIS Bk it A AR *
TRF RO EARG Y TR R J’“
B4 o

FLFE 2

g~ el

* 2 %4 < fe[15]Alper Tokgdz ¢ Gozde Unal %
e ¢ IR GRU Azt 8 B F e 2R3 LSTM s (e
is i b LSTM enfirs s € Ax k4% 3 > X% GRU
B EE S Pl - BRI ERMT BT FPL A2 A
FERFE R LSTM dvsg i SEpl m b s sg L
Foo MR

I A REHE& ] £ TRAR

oRl 19w o EREFETERT R & A ROFETH
20 B

iii;f?ﬁ”‘ PR ENEEPETH A AR

T 4 H’:}mg ,,< w ® 4% VB (Visual Basic) %5
:@ODBC’i DR R R ROT AR TS
AR o

I % Tl B35 8 Python 5 ¥ ~ FFiRIEE {7 )3
HES S W ,ﬁglqu/? THIFTHEES -+
Python # 8 GUI T H ERARY 0 LR E T
*fr’ﬁ“fi‘ P WoE g o B (ST R lﬁ%fﬁ_ﬂgwﬁﬂ?ﬁ
oot B AT & QGIS 1 v B AR Gk 1
ST EREFEL AT ETH

i | B3E

[ ] == == =

Power data & pytt

_ wsar | = L sl @Y
—_— y — l R
o Qcls

B 1 s sz 4



21 f TR A
dwB @ F SR T )ig,:u& R

PR ier.IRu Yol 2 mfe FltmE E R Y

EAERD R RGEL RIET T ﬁaz)ﬁ FREYFESD

HiE o

witGrd | B A% Fierrows| || Export B |Wrep ool Contents 1

ADate vrs Vst vir W 1B 1€ P Q s FFF KWH KVARH | KWD
2019-12-3123:00:25 11760 11660 11680 18 17 18 348 36 354 0,99 5995 | 28926303 5483090 342
2019-12-3122:00:23 11770 11680 11700 18 18 19 366 48 372 0,99 60,07 | 28925030 5483090 |372
2019-12-3120:00:21 11670 11560 11560 18 17 19 354 12 384 1 50,94 | 28925560 5483090 348
2019-12-3120:00:18 11700 11610 11620 20 18 21 36 24 396 0.99 60 26925178 5483080 |37
20191231 19:00:17 11740 11630 11660 21 19 22 408 18 414 0,99 5991 | 28924770 5493090 390

2019-12-3118:00:14 11700 11610 11630 20 18 21 330 12 39 0.99 60.05 | 28924343 5483080 |372
2019-12-3117:00:12 11680 11550 11610 21 20 21 408 12 414 1 60.04 | 28923944 5483090 |3%
2019-12-3116:00:34 11640 11560 11600 22 20 23 432 12 438 099 60 28923512 5483090 |426
2019-12-3115:00:33 11690 11620 11 M 23 432 12 432 099 60 28923066 5483090 | 432
2019-12-3114:00:30 11680 11590 11620 24 21 24 456 18 4%  0.99 60 28922598 5483090 |468
2019-12-3113:00:29 11580 11470 11520 23 21 24 450 6 450 1 59.95 | 28922124 5483090 432

2019-12-3112:00:27 11570 11490 11530 24 22 25 468 18 468 1 50.05 | 28921664 5483000 474
2019-12-311L00:25 11700 11630 11650 22 2 23 412 6 42 1 60 25921206 5433080 | 414
2019-12-3110:00:23 11690 11580 11600 20 19 21 402 12 402 1 59.95 | 28920780 5483090 |384
2019-12-3109:00:22 11760 11660 11690 17 16 18 343 18 348 0.99 60.07 | 28920380 5433090 |330
2019-12-3108:00:19 11540 11470 11460 13 14 14 27 0 270 1 50.94 | 28920054 5483030 246
11 x

B2 A fré i

E%?%%?Ww"wﬁ'fswﬁle~,
\:‘X,L,\‘{:‘nlé,ﬁﬁ,*ilzi_mi?] o 4@ 3 ¢ @
LSTM shl ¢ 5 d 4 1 e 2N kRO Tl .Q
FplenF AL g L ¢ * Python k3t B FAlm 2z FHLL
Wt e I - %mﬁfii—_ 24 ”L’l}"‘fﬁﬂigﬁl‘ S g
PR 4 18 et L kA e B

34 —h
& l“‘" (r
- A -\A Tk

J3p & et g b oo
MHSQRL
|

PN
.

- -
Python - = AT
™~
[

TR R H 145
(.db) (.csv)

B3 FHALA LR

II.LSTM p = 3giR]

LSTM #_RNN ¢h— 48 # LSTM 2.5 5 & RNN
PURBP UL A SRR R A 6 A SRR
£LATES - TG LR A4 HEpA -
ERERF RN EOR PP RRT A F LY
&Wi°%@4%%’%WLHME£¢?RNNﬂﬁ
ARG R e R ok B AT Y
i o

Input Gate Memory Cell

I

Output Gate

k.
.

;*"/Forget
\ Gate
N~

Bl 4 LSTM & 92 4 Bl

BRSBTS RIEHET
¥w Lo B¢ EART S LG
o L d 2020 9% 340p
3.1 LSTM #:7%]
LSTM HC34e 1 5 95 7 » # 258 &
SR A L
xtq’\ﬁf’&tmﬁg‘])\@

wl4r 3 (1) 3 5 (6)

’ ytkﬂ* Bk é] ﬁs‘

(network layer) : o = o  fE S Sl o #%}m
LSTM =3¢ & 42— f[%ﬁig,] » P (Input Gate) » - ﬂﬂis?]ﬂ i
(Output Gate)frid ¥ — i = 3¢ F® (Forget Gate) -

a=f(W-[x;y:-1] +b) 1)
g(l) = 0( gi (X6 Ve 1] + bgl) 2
g = U(Wo : [xt:yt—l] +bg,) 3)
g = U(Wgs [xe yt—l] + bys) (4)
C=gP0Qa+gPOC, (®)
e =8 O f(C) 6)

X0 ye-a]

S /'
[ @ By
1 st w\

Bl5 L3 L3P aLSTM -

LSTM ¥ =gz 413+ & 4o T
i~ iy F“(Input Gate ~ Output Gate ) g 4rg(®

* o ﬁg%l » ﬂ}rﬁ; Vi A iRERE T E ~ (Memory
Cell)-§ 2 &2 ﬁ“@%ﬂ?’? ¢ * 3oz U (Forget Gate)
%%%ﬁﬁi°

R RN R SR TS
TR ﬁﬂ*ﬂ“éﬁ&%° iz H - Biepan|F > Fla P E
Vi AEZmBTapEREY 2 i I8 g3
ERIFRANP -

) LSTM chE > BB} v 7 Mgk s =4
PR chlich o d PGP R E A E R e d
WA R E G G UARE G R XY BATE L
B LM -

¥oebo dod 7 o-H By ffwrzg;i;g;ﬂ ) g;.
’R,m,;fﬁim:‘ mIP,iox xévlf”%%*""f .
’Fql?ﬁ’”f"‘/ﬁ L‘—i’?féﬁ}_)ip 2 KB b ER

e &0 UHEERG LEFFE -

L
B

—

L

Nl

3.2 Rl %473
WA T = # (2016~2018)cnF L 1T 5 45 BH Y i
ﬁrm’mﬂ15%w3%m$%1“m’ﬁ4%ﬁj
ol 6 1 13 7 > RIS EFRT F A TG R
(MAE) & + 35 & 12 3% £ (RMSE) #8 4 & 3
3.0125(MAE) % 5.578947(RMSE)> H @ T 7]t ju ] ¥
dMEGIRIE > FERFELZFRE
T 355G $i% £ (MAE) 2 354 93 £ (RMSE)3* & 4c



MAE——Z,1DG vl

1 ~
RMSE = \/;Z}Ll(y; - ¥)?

Hey s pRlE J e FHE n i FRLHEk-

W6 %3t 15 = enifipl i 2 -]
: / \/ .
o / Vv | R—g———
—
e e e e e e e e e e
M72019# 1% 7p(-)1ivp 23FRlEr§%E
el / Lﬁb// ‘iktbﬁﬁ& ——
Dlzslsﬁ'ﬂa9101112}4!1!15151715192521211!21
W 82019 & 17 8 p(2)1ivp 23FmiEs § %

is f A
N / / \\
s

: / ;—\J/ V§\

——REAL-KWH

J

Tt 2 3 4 5 6 7 B 5 10 11 12 13 1 15 16 1 18 19 1 21 2 23 24
B

F192010 % 17 9 p (=)L iFp 2 Rl E2 ¥

pn

1E]

“ = A\
N m
35

KWh
. / N\

——REAL-KWH

5 J S

Tt 2 3 4 s 6 7 B 5 10 11 12 13 16 15 16 17 18 19 0 21 2 23 2
B

102019 & 1 7 10 p (w)1 fep 2

FEREE FEE

FLoEoBTIAIAHEEE
Frl- B EARTA 1 AEFAEE
S LT 2020890 349

45 A\

0 N\

° /MNP

> /| W\

s —\/ N\ o

: / AN

N / —

;

:
e P

ek

B 112019 & 17 11 p (7)1 i p 2 FFRE2 3@

.
. o —
. / \
[ \/[
o / \/J A\ — s
N / Vv S
Y B
:
¢ 1 2 3 4‘5'5 7 SIQ‘IU 11 ]2‘]3'16 15 16 17 u!‘]s 20 2]‘21'13 24
bk

122019 & 17 12 p ()21 fep 2

FRIEE FREE

E2Y
0
KWh — —— REAL-KWH

= ~

—— Forecast-KWH

R T T e
ey

Bl132019 & 17 13 p (P )2-x v p 2 FpRIEE F 5

L
B

IV. & QGISARAE v &+
41QGIS 4 &

Quantum GIS ( # #£ QGIS) i iF /i & 4§ 14 »
d Gary Sherman ** 2002 & B 4 3 > v 4% & F L elg
T~ B e a 0 T RFE L CHt ‘\« Python
B ath A > QGIS ¥ 2 iF 5 GRASS A it @
FH G R AR F P 5 QIS gL 31
7f ETOTAHRF AN %mﬁﬁtrfr% E¥HmEr o

“Untitied Project - QGIS.

mr«!-—m«s—w P Vecr fter Qusbuse Wb rogesiny tp

T RBRRRY Deresfl Pa.RNS o & #Tam-o T
BRQV./Z @ L QeR ~
ot @

ceYTo

E] 14QGIS—r % B

4.2 QGIS i *

A2 1% QGIS chaf Bl A # it > 12 csv Ak e N aE
ZAe® 150 34 T REDEHFRTHE GRTAH >
B aQGISeH s b » 4B 16~ B 17 3P 7 & B &
Ty RBREZEEFTHPEGREES S



&L ;Erlfgﬁ%a!?:,.gnf‘}g%
Frt- BY EVRT A 1 eEE g
o L d 2020 9% 340p
-\ E’A“&@ Réaea®A) B PN
Q === EEEA
N B
= & 5 ¥ m o ?E =@
ETEUE 22X g BEHREE@M) » e " -
13T K EEE 120,560749 24,066294 400 N e #
2| hiTee 120,559601 24,064869 335 -
3B e 120,558774 24,066548 200 < -
4 T8k 120,558946 24,066088 365 = " >
5 mAES 120,55784 24,066812 480 R y
6 FEFE=2n5... 120,557937 24,065715 335 o
7 ZEREEENE 120,558877 24,063465 50 \ |
8| R IR (ST ) 120,559188 24,0634 75 Ll 3 ‘/ . e
) \ ; ;
o m=aEns 120,558771 24,063617 o e T i S N B B 0 i3 b S35 @
24 ) =K
W18 %% T AR
W15 AR FAE
Bois > %% QGIS thitsiw £ B A - 4155 &
MySQL % = i 3542 42 Python #777 | f %4 % (.db
el % 09ALNRPPA e 0 = LE-p M. " _
eeV./e @0 @ ® AEQ RAaOAl B %)’@TEQG'SJ’ v Bt ﬁ?‘*ﬁ/ﬂfﬁq‘} ?FI—L {iﬁ"?
® EEEH v-04%0% « O-Frr-c=u% )
= : e - = e 19 -
=
=@ X B
4T Selen #Is-l
9 i “a e R AEQuRAeaOAl B LE¥
] u e EE@EE iR
9 o . § 5
- 9 °
. 3
i -
v
. @ —
. —a . e
[ e
L3 T :mnm’
o -
- - & T - v e @

?] 19 ﬁ ?‘*F/? ;‘K

o ’—L%
o T A< p ””L—%&’f | * 3335 Python #3825 & & R ®
Ca Fp*g EANER MySQL ) T oSV R A
3 Python # i& {7 LSTM PRE L i S

%2 MySQL # SQLite {50 QGIS #eit * o “ig 5
AR AR M R R SRR T A T QGIS ¢ A 4
BT UNRBRRALEREL LT
- L FR R SRRTL G i & H g
1 b S PERFER Y FFEpIE BRT DR
W17 RBT 2 FHEA 253

g ’”K%‘“%Hi—“fs“% % % : MOST

A A ﬁfﬁ E QGIS E’ﬁ%‘%iﬁ‘?’:&lﬁ]@ s E#ﬁ-}j"l’\g" 109-2221-E-018 -004 -MY2 z_ ““ #BA J[H'f }fg\:E&TO
7;1 & MySQL 7L A2 e, i 742 (.db ) » 4c] 18 7
T R g}é} ) 1L ER —‘r‘%fag B | e ?,r.g‘./q;
{“’@

g o

[1] W. Kong, Z. Y. Dong, Y. Jia, D. J. Hill, Y. Xu and Y. Zhang,
"Short-Term Residential Load Forecasting Based on LSTM
Recurrent Neural Network," in IEEE Transactions on Smart
Grid, vol. 10, no. 1, pp. 841-851, Jan. 2019, doi:
10.1109/TSG.2017.2753802.

[2] S. Motepe, A. N. Hasan and R. Stopforth, "Improving Load
Forecasting Process for a Power Distribution Network Using
Hybrid Al and Deep Learning Algorithms," in IEEE Access, vol.
7, pp. 82584-82598, 2019, doi:
10.1109/ACCESS.2019.2923796.

[3] J. Ospina, A. Newaz and M. O. Faruque, "Forecasting of PV
plant output using hybrid wavelet-based LSTM-DNN structure

_gu,*'

q_‘ e P °



model," in IET Renewable Power Generation, vol. 13, no. 7, pp.
1087-1095, 20 5 2019, doi: 10.1049/iet-rpg.2018.5779.

[4] Y. Hong, J. J. F. Martinez and A. C. Fajardo, "Day-Ahead Solar
Irradiation Forecasting Utilizing Gramian Angular Field and
Convolutional Long Short-Term Memory," in IEEE Access, vol.
8, pp. 18741-18753, 2020, doi:
10.1109/ACCESS.2020.2967900.

[5] M. Dong and L. Grumbach, "A Hybrid Distribution Feeder
Long-Term Load Forecasting Method Based on Sequence
Prediction," in IEEE Transactions on Smart Grid, vol. 11, no. 1,
pp. 470-482, Jan. 2020, doi: 10.1109/TSG.2019.2924183.

[6] T. Yang, B. Li and Q. Xun, "LSTM-Attention-Embedding
Model-Based Day-Ahead Prediction of Photovoltaic Power
Output Using Bayesian Optimization," in IEEE Access, vol. 7,
pp. 171471-171484, 2019, doi:
10.1109/ACCESS.2019.2954290.

[7] L. Wang, S. Mao, B. M. Wilamowski and R. M. Nelms,
"Ensemble Learning for Load Forecasting,” in I|EEE
Transactions on Green Communications and Networking, vol. 4,
no. 2, pp. 616-628, June 2020, doi:
10.1109/TGCN.2020.2987304.

[8] T.T. Ku, C. H. Lin, C. S. Chen and C. T. Hsu, “Coordination of
Transformer On-Load Tap Changer and PV Smart Inverters for
\oltage Control of Distribution Feeders”, IEEE Transactions on
Industry Applications, Vol. 55, No. 1, pp. 256-264, Jan./Feb.,
2019.

[9] ##4RaE ~ MAPE ~ +hEZ ~F U Y ST E 2 M, -
FHMTEERAIT 0 oL 1A T % 8318 ¥ 29-40
Fo-2017 & 117 -

[10]R. Gonzdlez ,A. Arguello , G. \Valverde J.
Quirds-Tortos “OpenDSS-based distribution network analyzer in
open source GIS environment”,2016 IEEE PES Transmission &
Distribution Conference and Exposition-Latin America (PES
T&D-LA),20-24 Sept. 2016

[11]Raja Rathnam Naidu Kanapaka, Raghu Kisore Neelisetti, “A
survey of tools for visualizing geo spatial data” 2015
International  Conference on  Control, Instrumentation,
Communication and Computational Technologies
(ICCICCT),18-19 Dec. 2015

[12]Monika ,Dipti Srinivasan ,Thomas Reindl ,“GIS as a tool for
enhancing the optimization of demand side management in
residential microgrid”, 2015 IEEE Innovative Smart Grid
Technologies - Asia (ISGT ASIA),3-6 Nov. 2015

[13] D. Urgun and C. Singh, "LSTM Networks to Evaluate
Composite Power System Reliability Evaluation with Injected
Wind Power," 2019 IEEE Power & Energy Society General
Meeting (PESGM), Atlanta, GA, USA, 2019, pp. 1-5, doi:
10.1109/PESGM40551.2019.8973415.

[14] A. Pulver and S. Lyu, "LSTM with working memory," 2017
International Joint Conference on Neural Networks (IJCNN),
Anchorage, AK, 2017, pp. 845-851, doi:
10.1109/1JCNN.2017.7965940.

[15] A. Tokgdz and G. U nal, "A RNN based time series approach for
forecasting turkish electricity load,” 2018 26th  Signal
Processing and Communications Applications Conference
(SIV), 1zmir, 2018, pp. 1-4, doi: 10.1109/S1U.2018.8404313.

BRSBTS RIEHET
¥w Lo B¢ EART S LG
o L d 2020 9% 340p



