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Abstract

Recently, according to the development of smart grid technologies and the
penetration of electric vehicles, or EVs in short, renewable energy Kkeeps
drawing attention from many areas and stakeholders. Due to its intermittency,
an accurate prediction in the possible power generation is indispensable for
the efficient integration of a specific renewable energy into the power grid.
This prediction must be built on the enormous amount of past records and
the subsequent forecast models. In this regard, this thesis develops a data
processing framework for wind speed history in Jeju, Republic of Korea,
which has abundant wind energy all year round. The model begins with the
investigation on the correlation between wind speed and wind direction,
demonstrating how we can search core information from this framework. It
maintains hour-by-hour wind speed records collected during the period of
2000 to 2009. An Apache Hadoop package working on our Linux server
provides a flexible interface for raw  wind speed streams, while Pig Latin
allows a programmer to make a comprehensive script to specify how to filter
the target fields. The filtered stream records, each of which essentially
embraces wind speed and wind direction, are converted to a series of learning
patterns and fed to an ANN (Artificial Neural Network) model consisting of
input, hidden, and output layers. Here, the input node accounts for wind
direction and the output node wind speed. The number of generated learning
patterns i1s 28,030 as they are selected from the valid records during the
period of 2000 to 2008. On the contrary, 2,970 records in 2009 are exploited to
evaluate the accuracy of the developed correlation model. The accuracy
analysis result shows that the maximum average error is 2.32m/s, while the
lowest average error has been verified to be 0.96m/s. After all, our data
processing framework cannot only efficiently cook the massive data generated
from renewable energy sources but also combine sophisticated modeling

strategies.
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1. Hadoop 7|4t =&
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Hadoop2 ] dloly Ao 2A3tst WEA el & Foli[Hadoopl, 729 &+
A A ~"(GFS; Google File System)[Ghemawat et al. 2003]9] &=+ 37 %
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1.1 HDFS(Hadoop Distributed File System)

HDFS< H dlolg A& =o]7] ¢ A9k Alz"oltt, AA whaH-&
golr Fxz FAstH, vpaE o HYd=sTt So]B St Sl HlolE k=0
Aol 9%, &3 e, HAT WS #eFHGeum et al. 20101 S2kold
Eo|A doE7} dojew AnkA o 64AMB 7|9 B @92 UFolA AR
A& st tolH &S] Edo tid bdetow Hdm=o s ol e

o HelHE AFE W duz gE HolH ko A3 HHESRS HAL

rob
Mo



gt A el = HoHEESES TR HdwmEd FHAR A%

Aste] dlolH == 4JHE B3t Ohohta 20141

it
i3

HDES
1ok

HOIE e EA: AL
oo =EB: BC
GO[E = EF: AD
ClolE = EF ED
A
AEjA Y 225z
0|2 47
.4 a 2
. 1] 13 1
\jpﬂ-ijitﬂ |thJEJiEB\ eee |t1uE1iEE| | BlO|E{CF |

<$’—]£> <1°——i"l ] \ <%Il—%>

19 1. HDFS 74 %

<$’—]£> <—EI E> <§}@,> (FE5

S TAZel TEST.TXT #d& FeloldEdA HDFSE &
ato] AgstE wES T TEST.TXT e =7]E 256MBol i, 64MB
A71e] E5 99E Ura A E5S HolHxE Ad AFE uw dHolEHx= E
ol 18l HolHeEEe EEYRE Ydxe=rt
g FEdA 2 FEEdTd dHoly Ry 7zt

TCP/IPZ AZAste o8 TZol 7sd Aolelm AL AAe T HaEA



1.2 Pig

Pige ofS oA A& /IEE 9o Pig Latino]gbs HolEAl S 29 Ao] o]
]

g AF5v] HDFSOl 438 g3 dolegie 24o] Hsd w3
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1
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e

Wordle stolgel g g do] F dyo|ti Pigl. Pig Latine

~(UDF; User Defined Function)® Java, Python, JavaScript & &8 &~ HE
Aojz % 2Ao] 7hselth <18 2>= Z¥ doleE LOAD ¥H#H

ki
By
o
=
eS|
>
O
an

2 doly #e 7hA--=t)h % FILTERE ©o]&3lo] 1¢ dlolH

BRHD, LFE AAG T AU dolHE HHA HA= A

Ll

log = LOAD ‘/home/seakove/wind/winddata.txt’” USING PigStorage(\t')
AS (station: int, stamp: datetime, mon: int,dir: double, speed: double);
proji = FOREACH log GENERATE station, GetYear(stamp) as year, GetHour(stamp),mon,
dir, speed;

proj2 = FILTER proj1 BY (mon == 1);

proj5 = FILTER proj2 BY (dir > -0.1);

proj6 = FILTER proj5 BY (year < 2009);

proj7 = FILTER proj5 BY (year == 2009);

proj09 = FOREACH proj6 GENERATE dir,speed;

proj10 = FOREACH proj7 GENERATE dir,speed;

STORE proj09 INTO ‘winddata2008’;

STORE proj10 INTO 'winddata2009’;

19 2. Pig 9 dolg dxd 19 deolg MZ (wind.pig)

o9 3. Pig A3 (wind.pig)
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o~

2.1 ANN dlo]lg W3 24

#include <stdio.h>
main() {
FILE +fp, *ofp;
int NP=500;
double pat{Len]={0.0}
int gen=0, i= 0, dir=0, cnt=0;;
double a = 0.0, b= 0.0;
double speed= 0.0;
double dirmax=0.0, speedmax = 0.0;
fo = fopen("part-m-00000", "r");
while (I feof(fp)) {
fscanf(fp,”%lf%If", &a, &b);
if (@ > dirmax) dirmax = a;
if (b > speedmax) speedmax = b;
1
fclose(fp);
printf(”
printf
printf
printf

’

\n");
"dirmax : %lf \n”, dirmax);
'speedmax : %If \n”, speedmax);
' \n");

’
’

(
(
(
(

fo = fopen("part-m-00000", "r");

ofp = fopen("learn.txt”, "w");

fprintf(ofp, "00000 1 1 %lf %lIf\n",dirmax,speedmax);

while (I feof(fp)) {
if (fscanf(fp,”%lf%lIf", &a, &b)==EOF) break;
forintf(ofp, "%If %lIf \n",a, b/speedmax );
cnt++;

1

fclose(fp);

fseek(ofp, 0, SEEK_SET);

fprintf(ofp, "%5d 1 1 %lf %If\n”, cnt-1,dirmax,speedmax);

fclose(ofp);

9 7. ANN st djde] A4 =

FANN gtolB g JAFAEHS A&3t7] falAl= dloly ko]l 071 Alo]e
rog WM7gstojol 3t Lee et al. 2012, Lee et al. 2014a]. dlo]g WIS |3
o CAY A W3 Tz ade <8 7>o Ho|li gomn oo AssiHe

<y 8> Holil Ut} i =ieA e EEs 7o R Adsialt

_12_



T <Oy oA B F5S 071

’

343.5°

oJE] o] dollA] BW F3F 350.2° F& 1591 dlolEl7F WA 12 W3,
TE5 75 HeolE WA F 05 = W
== Ol0|Ef A Mo H
=i B == ==

276.2 2.7 276.2 0.18
306.7 3.8 3067  0.253333
3034 3 3034 02
3014 5.7 3014 0.38
318.2 8.9 318.2|  0.593333
3395 8.5 3395 0573333
342.1 9.7 342.1] _ 0.646667
342.2 107 342.2 0.713333
346.7 11.8 346.7|  0.786667
348.2 13.3 3482|  0.886667
359.2 15 3592 i
29 15 2.9 i
18 143 18| 0.953333
1.3 13.8 13 0.92
350.1 128 359.1]  0.853333
352.9 118 3529  0.786667
355.2 9 355.2 056
3443 103 3443| 0686667
346.2 8.6 3462| 0.573333
3472 54 347.2 036
341.9 53 3419| 0353333
3435 75 343.5 05
3303 6.8 3303| 0453333
3376 8.2 3376 0546667

. .

° °

° °

° °

29 9. ANN st djde] A4 23
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3

<7y 10> FANN <glolB ey o]&sle Cioj= zd3 Yot
fann_create_standard= ¢1ste] AA™S FA S int numHidden=302 2493
THE 30ME v xsta, F 370 #oloE FA ST fann_train_on_fileE ©] &
st g5 dolH learntxt 3US 50008 S5stAY 2 FE 0.00001% v
of A%t uf ANN 7o BAS ¢hagith

#include <stdio.h>
#include "../FANN/fann.h”

void main(int argc, char =argvll) {
struct fann *ann;
int numHidden=30;
if (argc > 1)
numHidden = atoi(argvl1]);
ann= fann_create_standard(3, 1, numHidden, 1);
fann_train_on_file (ann, "learn.txt”, 5000, 100, 0.00001);
fann_save(ann, "dirspeed5000.ann”);
fann_destroy(ann);

19 10. ANNE

e
o)
K
[r

13 11. ANNY| 534
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<Y 11>8 9ol Ag@ugxs 50008 wHE 858 A Mean square
error’} 0.00001% 1.t} Zro}x W Z 24 ~7F ANN 39S AAsta F=7 fh
A4 LF&o] 0.02% wwroZ e 7kA efol 50008 WHE e ArE A
Act.

FANN_FLO_2.1

num_layers=3
learning_rate=0.700000
connection_rate=1.000000
network_type=0
learning_momentum=0.000000
training_algorithm=2

cascade_activation_functions_count=10

cascade_activation_functions=3 5 7 8 10 11 14 15 16 17
cascade_activation_steepnesses_count=4
cascade_activation_steepnesses=2.50000000000000000000e-01
5.00000000000000000000e—01 7.50000000000000000000e—-01 1.00000000000000000000e+00
layer_sizes=2 31 2

scale_included=0

neurons (num_inputs, activation_function, activation_steepness)=

(0, 0, 0.00000000000000000000e+00) (0, 0, 0.00000000000000000000e+00)

(2, 4, 5.00000000000000000000e-01) (2, 4, 5.00000000000000000000e-01)

connections (connected_to_neuron, weight)=(0, —1.71237314492922454434e-02)
(1, 4.82506455674434509007e+00) (0, —9.86839824211866029069¢-02)

(1, —8.32397963252730743733e+00) (0, 3.46935472680456102879e-01)

(31, 8.10517180355675215253e-01) (32, —1.27491186957526647650e-01)

29 12 ANN gholuelelzt AA A4 E diE 9
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TraceSpeed() {
FILE *fp , *ofp;
struct fann *ann = fann_create_from_file("dirspeed5000.ann”);
double seq[0];
double dirmax=0.0, speedmax = 0.0;
int i=0, cnt =0;
double *output, next;
fo = fopen("learn.txt”, "r");
ofp = fopen("learndata.csv”, "wW");
fscanf(fp, "%d%d%d%If%If", &i, &i, & ,&dirmax , &speedmax);

while (I feof(fp)) {
if (fscanf(fp,”%If%If", &seql0], &next)==EOF) break;
output = fann_run(ann, seq);
forintf(ofp, "%3.11f,%5.11f,%5.11f\n" ,seq[0], nextMax, (xoutput)*Max);
}
fclose(fp);
fclose(ofp);

1% 13. 200069 -2008 ANN<S sh5Z2 3 vl

PredictSpeed() {

FILE +fp, *ofp;
struct fann *ann = fann_create_from_file("dirspeed5000.ann");
double seq[0];

double dirmax=0.0, speedmax = 0.0;

int i;

double *output, next;

fo = fopen("pre”, "r");

ofp = fopen("predata.csv”,

HWH);
while (I feof(fp)) {
if (fscanf(fp,”%If%lf", &seq[0], &next)==EOF) break;
output = fann_run(ann, seq);
forintf(ofp, "%3.11f,%5.11f,%5.11\n", seql0], next, (xoutput)*Max);
!
fclose(fp);
fclose(ofp);

29 14. 20099 ANNS st54 3 v
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