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ABSTRACT

One of significant limitations of PV system is the uncertainty of power output due to the
change of weather. The uncertainty will affect the electricity produced and quality of electrical
system. Therefore it is necessary to forecast the power output in order to improve the PV system
efficiency. This thesis presents the forecasting of power output in one day ahead of PV system
without using solar measurement device by studying and experimenting with a 1kW PV system
installed on the roof of Science and Technology Faculty building, Rajamangala University of
Technology (RMUTT).

This thesis uses Artificial Neural Network (ANN) to implement the hourly PV power
output forecasting. The study is done by selecting the appropriate input data that affect the PV
power output including solar radiation, weather data, and, PV output data in the past then
investigate the transfer functions of ANN that carry out the lowest error of the PV power output
forecasting

Using the input data, which include hourly solar radiation in clear sky from calculation and
hourly measured PV power output in the day before forecasting day, the experimental results show
that ANN with Radial Basis Function in hidden layer and Log-Sigmoid in output layer have the
lowest annual average forecasting error at 20.42% of measured power output. In addition, the
program LABVIEW was introduced to implement ANN in order to develop hardware to

communicate with other hardware equipments in electrical system for further applications.

Keywords: Artificial Neural Network (ANN), PV System, PV power output Forecasting
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oanuazadnlumaSeufioumamssiaieg 39 laimstvuananasgiu 1 Juivumn
1 a o 9% { = a3 [ =3 [ 1
NNITHUULIAIANONATIUIUN T 51N D A.A. 1900 8Nl 86,400 U i8N 1 @IUIN 1
a = = dy v a s A . = @ Y [ ~
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A1 vzutanateentuag ieununainiis lunaazivarzliiduassiganiasgiu
Y Y
(Standard Longitude, Ls) ttag Tuaaiug agldnanfedn iduassigailazegriseanainns i
I~ o ] 1 1A a @
Wudaumives 15 e wuilszma Insegiassdganiasgiu 105 09a (15x7) iudonally
< 1 Aa o ] X Al A ]
dszmaneaz3annids 7 ¥ 1ue (GMT+H7) nanluuaazwaiivgliFeiFoniamiasgiu
y A . ] A ' 9 A
M990 (Local Standard Time, LST) uanitsiou laainunim

a 4 A J Y a A a S A A 1 [
A1ANOINAY 1AL 11151 1F8 199N B1IA1ANBINAIINAITANNLANATINUATY

Tuluserd) Faannsomanuuanaie laonaun1sIal (Equation of Time) Hudion laaeil [11]
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ST = LST +4(L,-L, )+ EOT (2.6)
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LST a9 1Ia1u1a331unNednu (615'3111\12 UIMN)
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)Y

o 1
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w =15(12 - ST) 2.7)
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2.1.5 MamuIumsiaalsenaduuiglan
(% a S [l o ?,’_, a @
FadeindndesiIuINgslanvzgnganauaInsuusseImaves lanuaznansH
1 = (] So} 1
Yo959791nA a1 15U YSumanumuniuves o lueina duazess 4a4 saudelinig
Y d" a @ d' [ [ 3}/ =3 [ I VA=| a S 4
grNouiuAuuazAINa1dUNaUeon 11 A9UIILITITINAINIZANATENVUNALTAE
a d I 1 F
uaaenageentluanuaiulaun
v a o A L1y
1) S9@01aduUy Inens9 (Direct Solar Radiation)
Y] a o
2) S9ENAGLUUNTE18 (Diffuse Solar Radiation) A
[ a d 9 .o
3) 39D INAILUUFTLNOU (Reflect Solar Radiation)

o A A\ S b Y A Nt
i\‘lﬁ@')\?@'l‘ﬂ@lEJi'Jllﬂ'lu'Jﬂ‘lhlﬂinﬂﬁllﬂ'liﬂ 2.8 ANU [1 1]
Gt=Gb+Gd +Gr (2.8)
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Gd Wlﬂﬂﬁﬂ mmmﬁ’u%’ﬁﬂszmﬂ (W/mz)

Gr  WIedd aNnuusIdaziou (Wm')
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Taeii
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A1 10,1 e tk Aeslsznovliuuddmiuglioimaludnyuzaien awaiied 2.1

M519h 2.1 mdlsznevilSunddmsugieneaien [11]

Climate Type r0 rl rk
Tropical 0.95 0.98 1.02
Mid-latitude summer 0.97 0.99 1.02
Sub arctic summer 0.99 0.99 1.01
Mid-latitude winter 1.03 1.01 1.00

v

7 9
daumdulszansmsii S9@nszneay iq%ﬁzﬁ’aummmimmﬁmmm‘lﬁ’ NU

7, =0.271-0.2947,
7, =0.271+0.7067,
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Cos@, =sinosingcos S —sin o cosgsin S cosy
+ COS J COS ¢ COS 5 COS @
+€0S Jsin ¢sin £ cosy cos w
+cososiny sinwsin S
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iZ\2 )i = I (2.21)
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) [ A 9y . . A Y
d1150 TnaanlAIANUAIUNIULIN 9 (Open circuit) HAAIIUNINN 2.8 ATZUAAI
9 H 1 v
PONUAWNIND 0 (I, = 0) asnunaswvesnszua i la 1 lnarulaTeanelu (gah 4 Tunwi

2.7) Vu211lA1995 Open-circuit voltage (V. ) 8111501114 lag

|
Vo= KT [ILh + 1] (2.22)
q

0

Iph IceII =0

SR 4 Vo | Ruy-a

d‘ = = 4 a 4 a
MNTN 2.8 NITNIVIAGIVOIBAALAIDINATIULIA90T [12]

v 1 @ a o aa J
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naaosi lmdly a1 ndulfsguanya vouzaaudseiadianyuzadtonuidulag
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Cell Current  [A] — e Cell Power [W]
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A1 Fill  Factor M18D9ANIARAIDIAUATHYOUFASIAIDINAT FaiUIZUAAII

o Y Y 13 S A { Y a 9y aa 4
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PMP = VMPP .]MPP = Voc '[xc .F F (224)
[ 3’, 1 a A 4 a o [ 1 I
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L = Uy = 1| el ™) g ] Vo +R'°e" R, (2.26)
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3.5 myaasinaeulassnelszaninen
T35 1814 Neural Network Toolbox 11 MATLAB lumsadrauasfinaeu
TasstolszemifeondaldmaidouTsunsudanmii 3.40 FaduTsunsailddmsudoyalu
POUTUNAY
? Editor - DAMy Documentz\L. RD Project\Master of EE\Thesis\ MATLAS files\dec m
N EE et B el ag DR NSNS

NSl $RBR920 &2 - A b-00R0DE BB fx
Bl -0 |+ | +11 |x K% 0

load decdaca

L p = [ckdec;dec3 decd de=c5 decT dect decl0 decll decll decld declé declf decl® dec20 dec2l dec22 dec23 dec2q deciS5):
4 - Tt = [decqd decS decT dec?® declD decll decll decl3 declé decl8 declS declD decll decil decl3 declq declS declE]:

5

& — [pn psp] = mapminmax(p,0,1);

T [tn pst] = mapminmax(t,0,1);

]

v prrainn = pn(:, (1:13}):
10 - prtescn = pn(:, (14:18));

11 ctrainn = tn(:, (1:13)):

1z ccascn = tn(:, (14:18));

13

14 = ptraimn = conlssg(ptrainn):

15 = ttrainn = coniseg(ttrainnj;

1€

17— decnet = nevwff(ptrainn,ttrainn,20,('tansig', 'radbas'}));
18 - decnet = train{decnet,ptrainn,ttrainnj;:

1%

20 - tsimn * sim(decnetc,ptestn);

k= tsim = mapminmax ('reverss’,tsimn,pst);

23 = ttest = mapminmax('reverss',K ttestn,pst);

24 - arror = abs({ttest-taim)

25 - SLror = &rror(:):

5 - plot (srror);

27 - WATT_Srror = mean|error)

28 - percent_srror = 100*watt_srror/mean(ttest:))
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FOUMNAY 1000 TDUMUMAIAUUDI MATLAB

s Meural M & Training {nntrai 1] (=)

Neural Network

Algorithm s
Training: Levenberg-Marquardt (tia
Performance Mean Squared Error

Data Division Random (dn

Progress

Epoch: 0| 1000 iterations 1000
Time: l 0:04:56

Performance 0.105 0.0575 0.00
Gradient: 100 [ HORETON |  1.00e-10
Mu: 0.00100 1.00e-08 100e+10
Validation Checks: o [ 0 6

Plots

Training State |

[ Regression

Plot Interval: U 1 epochs

o’ Maximum epoch reached

2NN 3.42 Msdnaeulasanielszanienlu MATLAB

Y
Y

a @ 9. Y 1 . 1 [ o
Gluﬂ'lu’)%flﬁ&lﬂllﬂﬁﬂHWS\iNaﬂl@ﬁﬁ\iﬂﬁﬁuﬂ1ﬂjﬂu (Transfer Function) ﬂammgmuaﬂu
J Y= A . = ' 1Y a A .
NITNYINTU Tﬂﬂ'lﬂﬂﬂ]d1 Wanwue loy (Transfer Function) NUKNANNU 4 ¥UAAD Pure Linear,
9 1
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sUuuvd arduluguseu arsulusuedna

1 Pure linear Tan-sigmoid
2 Pure linear Log-sigmoid
3 Pure linear Radial Basis
4 Tan-sigmoid Pure linear

5 Tan-sigmoid Tan-sigmoid
6 Tan-sigmoid Log-sigmoid
7 Tan-sigmoid Radial Basis
8 Log-sigmoid Pure linear

9 Log-sigmoid Tan-sigmoid
10 Log-sigmoid Log-sigmoid
11 Log-sigmoid Radial Basis
12 Radial Basis Pure linear

13 Radial Basis Tan-sigmoid
14 Radial Basis Log-sigmoid
15 Radial Basis Radial Basis

a = purelin(n)

Linear Transfer Function

e
-1
a = ransig(n)

Tan-Sigmoid Transfer Function

a = logsig(n)

Log-Sigmoid Transfer Function

1.0
0.5

0.0 ”n

0.833 | +0.833°
a = radbas(n)

Radial Basis Function

H J v ] g’u {
2NN 3.43 WansumeTouna 4 nuv Hldnaana
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ﬂTa\;g ‘t
[MATLAB script]
casell
load novdats;
F” net = novnet,
caseld
load decdata;
] net = decnet, PV output today
2w -
- L g

HPre-processing
input_n = mapminmax apgly’ input’ pspl;

%:Fun neural netwerk
output_n = siminet input_n)

%Pest-processng
outputt = mapminmad reverse’ output_n pst):
output = cutputt

OK Butten

Al d 1
M 3.45 vaealaozunsuveslsunsunennisialslassaielszannonlasld LABVIEW

o < a Y v dy
MInuveIuden laszunsuesie laaail
9 Y o a rd o 1 S A
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: @ v J @ {
sky model.txt” @91iuiin 1311 Folder Aenuda 19sunsumsnennsaia aanni 3.46
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Double ~

Iclear sky model.txt
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2) Matdondeyannuauiidaeiadnnmsmialuiuinensal Taglilsunsy
o o | CYR B~ | @ { 1 J
vwihinsasvdeniundegiuiniuiuimilsvesiuazdondoyaainnd “clear  sky
v Ao 1 dyru = v d‘ A ys ] =
model.txt” Tuiunana1 vonnniidiaseaoumeuilagiiuiodonldlas el szaniion
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MATLAB Script #9enu30iTonldau MATLAB iveya1uey Seript Meu 135y code m

file Y99 MATLAB 9 1dvhauiielinisnatlu OK dan1nii 3.49

casell
load novdata;
net = novnet;
casell
load decdata;
net = decnet;
end

PV ocutput today

i

B

PV output in vesterday

%Pre-processing
input_n = mapminmax('apply’ input’ psp);

%Run neural network
output_n = sim(netinput_n);

%:Post-processing
cutputt = mapminmax(reverse’ output_n pst);
cutput = outputt’

/N 3.49 Tasavnetlseanifiennasiadie MATLAB Script 14 LABVIEW
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Ml..lf-CJﬂﬂlline Silicon
Photoveltaic Medule

with 125% Maoximum Povwer

GEMERAL
DESCRIPTION

SHARP's NE-LSE2E
photovalia modale is
designed for large electrical
power requiremients, Based on
the technology of crvstal siliwon
godar cells eulivvated for over
35 years, thiz module has
superh durability to withstand
riporoes aperating conditions
ard 12 guitable for grid
colneeted avsiens.

1 Highepower module (125W) using 125men square multi-crystal
ailbcon solar eells with 13.3% modale cosversion efficiency.

2 Photovoliaie moduls with bypass diode mininsizes the power
drop cansed by shade.
Anti Reflection Corting and BESF (Back Swiface Freld) strochore
to imipreve cell conversion efficiency: 14.7%.

& Using white terupered glass, EVA resin. and a weatherprood
film alonsg with e alunsisos fraeme for extended ontdoos wee

£ Highwvoltage outzut for gridecopnested svstem

5 Ouiput termmal Lead wire with waterproal eonnecli
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Sunny Boy VS A4

SB 1100LV

Optimized for low input
vologes

Suitoble for spedial opplicotions,

e.g. connecting Iy dropovwer
systems or small wind turbines
to the grid

Outstondingly high afficiency
for | impeut wolioge-s

SMA grid gm.l:fi' .o
Automatic disconnection

Disgnosis ond communicofion
vio Powerline, rodio and cable
[R5232 or R5485)

Entended temperature range of
-25 *Cro+ab "C

IP&S5 prose cion doss, also suita
ble for outdoor installotion

Automatic 50 He / &0 Hz grid
frequency detection

5 yeor SMA woarranty

The 5B 1100V & specially designed for low DC input wolioges of 21 ¥ w80 ¥
and is thersfore on optimal ireerer for special FY sy sems with modules conne cied
in pomllel or other spacial opplicofions.

A peak efficiency of 92 % which is excellent for this inpat woltogs rongs, mokes
the 5B T1000Y o powerkd member of the Sunny Boy kamily.
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Ti)sunsu MATLAB N¥a31q, aaunaznaasvlassviglszanimes
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load jandata
p = [ckjan;jan17 jan18 jan19 jan20 jan21 jan22 jan23 jan24 jan27 jan28 jan29 jan30];

t=[jan18 jan19 jan20 jan21 jan22 jan23 jan24 jan27 jan28 jan29 jan30 jan31]

[pn psp] = mapminmax(p,0,1);

[tn pst] = mapminmax(t,0,1);

ptrainn = pn(:,(1:7));
ptestn = pn(:,(8:12));
ttrainn = tn(:,(1:7));

ttestn = tn(:,(8:12));

ptrainn = con2seq(ptrainn);

ttrainn = con2seq(ttrainn);

jannet = newff(ptrainn,ttrainn,20,{'radbas','radbas'});

jannet = train(jannet,ptrainn,ttrainn);

tsimn = sim(jannet,ptestn);

tsim = mapminmax('reverse',tsimn,pst);
ttest = mapminmax('reverse',ttestn,pst);
error = abs(ttest-tsim);

error = error(:);

plot(error);

watt_error = mean(error)

percent_error = 100*watt_error/mean(ttest(:))
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load febdata
p = [ckfeb;febl feb2 feb3 feb4 feb5 feb6 feb8 feb10 feb12 feb24 feb25 feb26 feb27];
t = [feb2 feb3 feb4 feb5 feb6 feb8 feb10 feb12 feb24 feb25 feb26 feb27 feb28];

[pn psp] = mapminmax(p,0,1);

[tn pst] = mapminmax(t,0,1);

ptrainn = pn(:,(1:8));
ptestn = pn(:,(9:13));
ttrainn = tn(:,(1:8));

ttestn = tn(:,(9:13));

ptrainn = con2seq(ptrainn);

ttrainn = con2seq(ttrainn);

febnet = newff(ptrainn,ttrainn,20, {'radbas', radbas'});

febnet = train(febnet,ptrainn, ttrainn);

tsimn = sim(febnet,ptestn);

tsim = mapminmax('reverse',tsimn,pst);
ttest = mapminmax('reverse',ttestn,pst);
error = abs(ttest-tsim);

error = error(:);

plot(error);

watt_error = mean(error)

percent_error = 100*watt_error/mean(ttest(:))
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load mardata

p = [ckmar;mar4 mar5 mar6 mar7 mar8 mar9 marl10 marl1 marl2 marl3 mar22 mar23 mar24 mar25];

t = [mar5 mar6 mar7 mar8 mar9 marl0 marl1 marl2 marl3 mar22 mar23 mar24 mar25 mar26];

[pn psp] = mapminmax(p);

[tn pst] = mapminmax(t);

ptrainn = pn(:,(1:4));
ptestn = pn(:,(5:9));
ttrainn = tn(:,(1:4));

ttestn = tn(:,(5:9));

ptrainn = con2seq(ptrainn);

ttrainn = con2seq(ttrainn);

marnet = newff(ptrainn,ttrainn,20, {'logsig','logsig'});

marnet = train(marnet,ptrainn,ttrainn);

tsimn = sim(marnet,ptestn);

tsim = mapminmax('reverse',tsimn,pst);
ttest = mapminmax('reverse',ttestn,pst);
error = abs(ttest-tsim);

error = error(:);

plot(error);

watt_error = mean(error)

percent_error = 100*watt_error/mean(ttest(:))
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load aprdata

p = [ckapr;apr12 aprl3 aprl4 aprl5 aprl6 aprl7 aprl8 apr19 apr20 apr21 apr22 apr26 apr27 apr28 apr29];

t = [aprl3 aprl4 aprl5 aprl6 aprl7 aprl18 apr19 apr20 apr21 apr22 apr26 apr27 apr28 apr29 apr30];

[pn psp] = mapminmax(p);

[tn pst] = mapminmax(t);

ptrainn = pn(:,(1:10));
ptestn = pn(:,(11:15));
ttrainn = tn(:,(1:10));

ttestn = tn(:,(11:15));

ptrainn = con2seq(ptrainn);

ttrainn = con2seq(ttrainn);

aprnet = newff(ptrainn,ttrainn,20, {'tansig', radbas'});

aprnet = train(aprnet,ptrainn,ttrainn);

tsimn = sim(aprnet,ptestn);

tsim = mapminmax('reverse',tsimn,pst);
ttest = mapminmax('reverse,ttestn,pst);
error = abs(ttest-tsim);

error = error(:);

plot(error);

watt_error = mean(error)

percent_error = 100*watt_error/mean(ttest(:))
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load maydata

p = [ckmay;may11 mayl2 may20 may22 may24 may26 may27 may28 may29 may30];

t = [may12 may20 may22 may24 may26 may27 may28 may29 may30 may31];

[pn psp] = mapminmax(p,0,1);

[tn pst] = mapminmax(t,0,1);

ptrainn = pn(:,(1:5));
ptestn = pn(:,(6:10));
ttrainn = tn(:,(1:5));

ttestn = tn(:,(6:10));

ptrainn = con2seq(ptrainn);

ttrainn = con2seq(ttrainn);

maynet = newff(ptrainn,ttrainn,20, {'radbas', radbas'});

maynet = train(maynet,ptrainn,ttrainn);

tsimn = sim(maynet,ptestn);

tsim = mapminmax('reverse',tsimn,pst);
ttest = mapminmax('reverse',ttestn,pst);
error = abs(ttest-tsim);

error = error(:);

plot(error);

watt_error = mean(error)

percent_error = 100*watt_error/mean(ttest(:))
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load junedata
p = [ckjune;junel june8 june9 june 10 junell june 12 junel3 junel4 junel5 june20 june26 june27 june28 june29];

t = [june8 june9 june 10 junell june 12 junel3 junel4 junel5 june20 june26 june27 june28 june29 june30];

[pn psp] = mapminmax(p);

[tn pst] = mapminmax(t);

ptrainn = pn(:,(1:4));
ptestn = pn(:,(5:9));
ttrainn = tn(:,(1:4));

ttestn = tn(:,(5:9));

ptrainn = con2seq(ptrainn);

ttrainn = con2seq(ttrainn);

junenet = newff(ptrainn,ttrainn,20, {'tansig', radbas'});

junenet = train(junenet,ptrainn, ttrainn);

tsimn = sim(junenet,ptestn);

tsim = mapminmax('reverse',tsimn,pst);
ttest = mapminmax('reverse',ttestn,pst);
error = abs(ttest-tsim);

error = error(:);

plot(error);

watt_error = mean(error)

percent_error = 100*watt_error/mean(ttest(:))
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load junedata

load julydata

p = [ckjunejuly;junel june8 junel4 junel5 june29 julyl july3 july6 july7 july8 july9 july10];

t = [june8 junel4 junel5 june29 julyl july3 july6 july7 july8 july9 july10 julyl1];

[pn psp] = mapminmax(p);

[tn pst] = mapminmax(t);

ptrainn = pn(:,(1:7));
ptestn = pn(:,(8:12));
ttrainn = tn(:,(1:7));

ttestn = tn(:,(8:12));

ptrainn = con2seq(ptrainn);

ttrainn = con2seq(ttrainn);

julynet = newff(ptrainn,ttrainn,20, {'radbas', radbas'});

julynet = train(julynet,ptrainn,ttrainn);

tsimn = sim(julynet,ptestn);

tsim = mapminmax('reverse',tsimn,pst);
ttest = mapminmax('reverse',ttestn,pst);
error = abs(ttest-tsim);

error = error(:);

plot(error);
watt_error = mean(error)

percent_error = 100*watt_error/mean(ttest(:))
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load augdata

p = [ckaug;aug4 aug5 aug6 aug7 aug8 aug9 augl0 augl7 aug23 aug24 aug26 aug27 aug28 aug29 aug30];

t = [aug5 aug6 aug7 augd augl0 augl7 aug23 aug24 aug26 aug27 aug28 aug29 aug30 aug31];

[pn psp] = mapminmax(p,0,1);

[tn pst] = mapminmax(t,0,1);

ptrainn = pn(:,(1:6));
ptestn = pn(:,(7:11));
ttrainn = tn(:,(1:6));

ttestn = tn(:,(7:11));

ptrainn = con2seq(ptrainn);

ttrainn = con2seq(ttrainn);

augnet = newff(ptrainn,ttrainn,20,{'tansig', radbas'});

augnet = train(augnet,ptrainn, ttrainn);

tsimn = sim(julynet,ptestn);

tsim = mapminmax('reverse',tsimn,pst);
ttest = mapminmax('reverse',ttestn,pst);
error = abs(ttest-tsim);

error = error(:);

plot(error);

watt_error = mean(error)

percent_error = 100*watt_error/mean(ttest(:))
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load sepdata

p = [cksep;sep3 sepl6 sepl7 sepl8 sepl9 sep20 sep21 sep22 sep23 sep24 sep25 sep26 sep27 sep28 sep29];
t=[sepl6 sepl7 sepl8 sepl19 sep20 sep21 sep22 sep23 sep24 sep25 sep26 sep27 sep28 sep29 sep30];

[pn psp] = mapminmax(p,0,1);

[tn pst] = mapminmax(t,0,1);

ptrainn = pn(:,(1:5));
ptestn = pn(:,(6:10));
ttrainn = tn(:,(1:5));

ttestn = tn(:,(6:10));

ptrainn = con2seq(ptrainn);

ttrainn = con2seq(ttrainn);

sepnet = newff(ptrainn,ttrainn,20,{'radbas', radbas'});

sepnet = train(sepnet,ptrainn,ttrainn);

tsimn = sim(sepnet,ptestn);

tsim = mapminmax('reverse',tsimn,pst);
ttest = mapminmax('reverse',ttestn,pst);
error = abs(ttest-tsim);

error = error(:);

plot(error);

watt_error = mean(error)

percent_error = 100*watt_error/mean(ttest(:))
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load octdata

p = [ckoct;oct] oct2 oct3 oct4 oct5 oct6 oct7 oct8 oct9 oct10 octl1 oct12 octl3 octl4 octl5 oct21 oct22 oct23];

t = [oct3 oct4 oct5 oct6 oct7 oct8 oct9 oct10 octl1 oct12 octl3 octl4 octl5 oct21 oct22 oct23 oct24];

[pn psp] = mapminmax(p,0,1);

[tn pst] = mapminmax(t,0,1);

ptrainn = pn(:,(1:3));
ptestn = pn(:,(4:8));
ttrainn = tn(:,(1:3));

ttestn = tn(:,(4:8));

ptrainn = con2seq(ptrainn);

ttrainn = con2seq(ttrainn);

octnet = newff(ptrainn,ttrainn,20, {'radbas','radbas'});

octnet = train(octnet,ptrainn,ttrainn);

tsimn = sim(octnet,ptestn);

tsim = mapminmax('reverse',tsimn,pst);
ttest = mapminmax('reverse',ttestn,pst);
error = abs(ttest-tsim);

error = error(:);

plot(error);

watt_error = mean(error)

percent_error = 100*watt_error/mean(ttest(:))
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load decdata

p = [ckdec;dec3 decd dec5 dec7 dec9 decl10 decl1 decl2 decl3 decl6 decl8 dec19 dec20 dec21 dec22 dec23

dec24 dec25];

t = [dec4 dec5 dec7 dec9 decl0 decl1 decl2 decl3 decl6 decl8 dec19 dec20 dec21 dec22 dec23 dec24 dec25

dec26];

[pn psp] = mapminmax(p,0,1);

[tn pst] = mapminmax(t,0,1);

ptrainn = pn(:,(1:13));
ptestn = pn(:,(14:18));
ttrainn = tn(:,(1:13));

ttestn = tn(:,(14:18));

ptrainn = con2seq(ptrainn);

ttrainn = con2seq(ttrainn);

decnet = newff(ptrainn,ttrainn,20, {'radbas', radbas'} );

decnet = train(decnet,ptrainn,ttrainn);

tsimn = sim(decnet,ptestn);

tsim = mapminmax('reverse',tsimn,pst);

ttest = mapminmax('reverse',ttestn,pst);
error = abs(ttest-tsim);

error = error(:);

plot(error);

watt_error = mean(error)

percent_error = 100*watt_error/mean(ttest(:))
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MATLAB Seript 114 1uT1/sunsumsnennsal

cd 'D:\My Documents\1. RD Project\Master of EE\Thesis\MATLAB files',
switch month
case 1
load jandata;
net = jannet;
case 2
load febdata;
net = febnet;
case 3
load mardata;
net = marnect
case 4
load aprdata;
net = aprdata;
case 5
load maydata;
net = maydata;
case 6
load junedata;
net = junenet;
case 7
load julydata;
net = julynet;
case 8
load augdata;
net = augnet;
case 9
load sepdata;
net = sepnet;
case 10

load octdata;
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net = octnet;
case 11

load novdata;

net = novnet;
case 12

load decdata;

net = decnet;

end

%Pre-processing

input_n = mapminmax("'apply',input',psp);

%~Run neural network

output_n = sim(net,input_n);

%Post-processing
outputt = mapminmax('reverse',output_n,pst);

output = outputt'



NANHIN D

a d
Wﬂﬂ]ﬂﬁWNW!Nﬂ!!‘W%

4 '3 [ o o w FY o a L4
®  FIUUN YWIBLUAL 1YY ﬂmﬂan, “ﬂ'lS“INEﬂﬂ'ﬁﬂ!ﬂTaQulWWT’U’ENﬁ&’UULG]faﬁLLﬁQ?J"IVI@]EJLLU‘U
A 1 1 19 Yo o o A a d a A ]
LGI)'fJiJﬂ’E)fﬂﬂﬁxﬂu‘1J53mﬁulﬂﬂjﬂEJlliJGl“Ifﬁ’J’JﬂNﬁWNGWVI@‘c’J”, ﬂ13ﬂi$“§ﬂ’3“b’1ﬂ'lﬁlﬂﬁf)‘ll'lt’]

WAINUATIN 7, 3-5 WO BAIAN 2554

® (C.Chupong and B.Plangklang , “Forecasting power output of PV grid connected in Thailand
without using solar radiation measurement”, The 9" Eco-Energy and Materials Science and
Engineering Symposium, May 25-28 2011
o o o v = a o 9
®  HFIUUN PWIHLAS YW ﬂﬁ\‘iﬂaN, “ﬂﬁﬁﬂ']el"lﬂ?]"lllNﬂWﬁWﬂuﬂﬁ‘Wmﬂiﬂ!ﬂ"lﬁfiblw%hslli’)ﬂ
4 a 4 d' [l 1 9 [l =1 g Yo v o A
i$°l_l‘]_ImfﬁaLLfN’Eﬂ‘V]G]EJLHJlllﬂfﬁ)il@]@ﬁ"lﬂﬁ'\iﬂlﬂiﬂi\iﬂﬂﬂﬂi%ﬁ’l%ﬂlElllI@ﬂlli\lcl,‘]fﬂflflﬂi\iﬁﬂilﬂ

a d a a 3}/ { a [
2INNY”, miﬂizﬂgu’JmmﬁmnmﬂﬁMW%’mNﬁ 34,30 WHAINYU — 2 TUNAY 2554



120

aowiduun

Tudbguiuwasnuiunuinaemsumuils:malunn Jmulusio=idu
MUIASEIDAIAUIE:A0IDAGELRIUUMSIVE IAUEUUNIAMUWADOTU
SodiaoudrdniesnoBonaniswaiumamstaladumamuwasoiuiionn
inngulueuan laslaimsatuayuoussenaswimuesoneidoy 910
AuBUSYENIMasuazionuulalnauddnloas1000ARUSWAN ﬁ”] HUaANs E‘i"lﬁm

UAAINSNVATLWAINIUODNGAIAUAEALT  IWWGEBIAUMSUSHUNIS

SUdaMeYoVNISAOUNAD IR

inSomewdonunroUssmalnedadunfinlninsselawenwswanudse
oy b L o . = Ly E -
Tubfiane 7 wseunvlananiasuds=aumsn aoIUF MUIIUFIYSNI10 10 NUANWUS 2554
i

yAANSMLDBoIUBIANSATI TEordulsdenunals:anaminomuwaoou < _
nolUlulomatiamuSaonssumans umdnendemaluladsisuonasuys Juls:mAwan1sWoSUIUNANUY

Tasuiissalmdumnwsnnsus:qusims 28 r}umw"ué 2554

Tusen3105uf 3-5 wqumay 2554 Sugamevaomsaounacnuatiulsulso
15 Junau 2554

vowansaausuosodunoms

31 Junau 2554

naudny1oIudve

Biomass, Hydro, Photovoltaié, Solar Distillation and Desalination,
Wind Energyiand Others

Building Energy Analysis, Building Materials and Components,
Building-integrated PV systems, Building-integrated Solar Thermal, Davlighting
Eneray Manscdnerts fietsi, Eneroyiotsmsvate b forindistries, snpazidgaINUIAURaaD
Energy Conservations for Transportations, Natural Ventilation,

Passive and Low Energy Architecture, Passive Cooling, Systems Including . ; ‘
Ground Coupling, Thermal Comfort and Performance, Others NS.NOYUTUY QUNAGANEY (084-111-9051)
@s.urysa Udonano (086-899-2996)

@s.quuuias 1ounano (081-195-4799)

ns.3588 Iseusuns (089-771-4294)

Solar Cooking, Solar Cooling and Dehumidification, Solar Drying,
Solar Hot Water and Thermal, Solar Industrial Process Heat, Solar Ponds,
Salar Thermal Electricity, Thermal Storage, Electrical Storage, Others

ANE3AONSSUMEARS
um3nenasmalulagsisuonasrus
Environmental Impacts of Energy Systems, Global Climate Change., Insdwn : 02-549-3571 Insans: 02 549 3422

B N S R Rl T E-mail : e-nett201 1 @mail.rmutt.ac.th

www.e-nett.org/



'ﬂm':?.‘lﬂn'*!:n!u:'m—ru:m HL rr'.'il T
2 WOMTHE 2224, THUT Pruset Dl Masot and Zoa WANCTR RvTante

AEM24

AEM25

AEMG

AEM2T

AEMYE

drTim
LTS

Wi
nrimmnseiid i s umsaduase finduvnd sudaawadls 134
trmmalnalneladlE s infainnaind
m:mr'l'gwaaf 1||'.1._I|'.‘l'-! U Inad

UEIRTAN HnTuIn-E‘r.:u;Jufquaﬁ-'

Remewable Enargy 05

ATENEHY fni"lﬁd e e T
14:00-15:45 Jums 7l 4 mopaan 2554

Orchid &

n11i'ﬂm|.n’h'a-:".|'m]ﬂiﬂfn1'n|'|iaﬂuHnﬁnd"lﬁ'nuﬁnuﬁumﬂiﬂqﬂmli
Hl'ﬂammﬂlﬁudﬁuﬂﬂiﬂfqmﬂgi e
2y yasray g S PRt Er e iRy mRnEnm

gl B nEUAnR T

ar e [u s Evd aas A ddnn e Inemendiasna lulsd
EITA

. e om oma - - . -
nrilsndisenAnEREn e AafusnTad sate P el M TR L A

R 142
e T R TR e beey s u prurn
gm0 NEINIY iwufl.'.ﬁm

A IR TALRL Y

nridnmmadoud e inErmeansaduza Windeiafduine Tiaauan 148
»
HAZDOR T AR S Wl
ufrms nemeon mymes Sdfey g it iy s
e Ia_" - O )
ormd B nevAnd mireT
am e [u e dm s weese find ddnnuwes Inemesfiannn w5
el

nisaenoiida e wassuulilelee infi@ audadAunineuy 152
Tarlrowaafinafunssmenrouanitadanuus 1 rf
g ﬂ'lr.fml' FEr T ni-'ﬁmiﬁiu;m

- i - -
AN TINETRLNTOI B

W ST A I ."ﬁl.!".

121



L-F]

- -
AR U
nenlnn
“m.mTMeTE

w J
AT ERINNN
AN R

- r
LT TRIATEIR
THATHRMT

w
ELE R |t
TR SRELTIOTR
THLET TR

-
TR FLET
TH.WT RGN
SH.eTINO
TH.ET RS
TR
TR RIEAE
AT ATTIRT

-
b T
TH.ETINT
-
TR T NUTR

'EI'.H.'I'I:H'I'J

:n'.m.!rﬂ'ri
- O
THLeT ERATR
TReTEEE
TR.ETETNA
.-
TH.ETATID
-
THLNTEITS
e
TR
-
LT
LS T
- .
HA.MBLTIOTA
WSV
HN T IVIgET
BLESE <1
-
ELE LT
o,
A e Sl
A RTETER
.
LR el =]

H‘I’.“J{Jﬂ'ﬂ

gl'fn S9R m’gw‘lﬂ%aﬁ’lﬂﬂ Faammunelszindlng

WuEana
- r
BB

& L
1BBETNTHE
ErTRETLTIH
Tonzinly

-

T=noismons
S
SnEFALErs

r e
T ETAAN
s
WL
FUMTEIU L
- e
HuTTERE
T
HETL Ei o
.
TRLIEDT
A
TS
L]
Enwmene
v
TuMTEIn
.ﬁnq‘lm
qumimi
1-;1:11;:51;-&
WnnTEE

Anmifind

(MR T BOFO

irerEm
s Tam
¥
dciew
Ll e
Hamm.

o
HWH=T TN

UNMTIMEE BFANLUR 2R RS
'llm:anru'umihmu'r.

. e w
VN TR TR
amTmCnAmEsLrai

_— r e
WMTIRCADS TN WA
smTmesnmn TRl sdnT- s an s TuLs
AMTIMEAD TS

_— - - _—
amTineaocn Teladomluladrsuseargs

_— - - -
amTinenancn TeladnmlulnErsuseargs
o TRl a TM Ty n T e TR

- - . -
monarkcEe TR A DA o Wl T T WA SIS

- - . -
monarurEe TR A D T Ve T T A ST
amTINEIAD R
M NI TTHLNTENS YIS T T an
AN TTHLNTENS WIS T an

amTmesnn TR adn T s Ui

w - v W e
u'mm‘n!'[ﬂuu‘na:l:ﬂmtﬁqmﬂmmma

u - v W e
mmn!lﬂumtiﬂmtﬁqmmmma

amTmeAnr TRIadewrens

- e
wmmeanAnihes

- = N
I.I'l'l'.l'ﬂl'l!l:ll.‘l'l’l'lT‘I.T‘!ﬂ!ﬂ'lE
l.rrF.mrl:TuuFuﬁ

T r e
L TIREADE TR WU
m1’:‘nl‘|5ulﬂn7'|.'[:ﬁ'nmun.n€m1.j
B IMTR RS WY AN e
smTmeAnmn TRl sdRT e rana ey
l.rn1’.r|1r|iumr|71.'[:ﬁmu—aﬂuprmgi

- - . -
monarkcEe TR A DA o Wl T T WA SIS
smTmesnmn TRl sdnT- s an s TuLs
amTimCADRTRE T T T

— - - [
amTimenancan TeladinmlulaErsuseargs

e TRlad o Tun #aToL3
smrTmenanaTRTadmnTulaEmsaeaTyLs

— - -
amTimeaocn TRl s T AT gy
WmTTREBO YT
AMTIREADE T
AMTIREADE T
amTEAEurTErTE
I.I'I'I:.i'ﬂl'lﬂ-ﬂﬂl:l.lm'l'.l'l'li
I.I'I'I:.i'ﬂl'lﬂ-ﬂﬂl:l.lm'l'.l'l'li
I.I'l'l:.l'ﬂl'lﬂ-lilﬂl:l.lm'l'.l'l'li

amTimenanrn TRIadewrens

€-NETT M

122



E-NETT &n

123

gﬂﬁﬂﬂlmqﬁlﬁ%ﬂﬂﬂ andsuuralszmnalng

£z
MR AN
BUE AT )
LT CEE A
-
ELE R
L ot
ELESE (0 L]
BT LT
AT
HELT T
HE T LAs
LT SnOAE
LT
mR e g
me LT
LT
HALRTNATITY
LT T
mEETnEETIY
LT GETED
HELET RN
PLET RS ]
LT TTIO
LT IR ED
e
WTCEUATR
ATERNTE
wr.ih=nTma

WA

- x
LB g

w T
AT RRIATA

1
WIS
e

5. 3nn
-n'r.:rmi
PRI
ALEWRE
WLEuY

WL ENLER
BRI

e
NI

WikaAna
uwuIn

“ .
TEETs
ARTTILIRL

LB
"
LB
auteg
-
TART
- e
UhTTTR
Us=Frume:
TR TR
. w o
.
L
Unumms
faeTnn
&
TnEwaE
smrrrrr
nanen
IRTDTTE
UTHETE
TETHY |
nmnthisnd
.
iz
- e o
BT TN
Tensiew
ATT=ni
yerb=tr
TR
WOk
.
TUYIN
Trmely
mal=irs
H
TEmaTuT

—
TI1-INELUR

-
TumEnE

T I ETRTST]
£ WA

TIPS

UM TTNE & AN L&/ 2R
amTimenAnET NG
amTIMENATETRIENT WuirE

UM TREAD T e TRAD

amTmen Ao uaTy

M TIMEAD TN gAD

M TREAD T e TN TR
MTIRA DTN WA AT TR T
amTimE AD T

am e AN TRl W n AU
amTImean e TRl T M TS aR N A TN WA T
amvimenan o Telsdmr-1mannA e T=unswie
am v imen Ao TRlsdmT-1mann Tz un T
FR= T AITE R T @7 N AN TR TR 1T
M TR TR S T T

amT M AnA A U T T

smTme A TRl n s n
amTTmenanEslvai

amTmeamEsl i
amTimesn e TRlsiMT=-1Eann s TN T=un T
am e AN TRl W e n U
TMMB AR TR AT T B TS
amTmenanmn TRl nTu TS rsameiens
rrlerndoaE sl e

ArrinTTe ARLTIRERT L= e TRsfnend
AT TREADE T T

rrlerndoaE sl e

M TTACIAD RS

amTimEN A T

amTInENATETRIENT WwirEn
amTimeanTrangdnha
amTImean e TRl T M TS aR N A TN WA T
am T imenan o TRlsdmr-1mannd e roun T
WA LS TR LT AT TME B LTS

E IR TR ET AT TR B LA
amvimensnnn Teladmwr-1easna wua

SR TFRrE e T U TRB WD

T TAHATE Ak TETATIENT AT THEA DN
amTme AT

IMTIRE AN TUN T T



g?n 4R m’gw“m%mi’lﬂﬁ Faarwunailssmnalng

B
-
5 TRETS
- -
CETE
-
WT.ITED
WTETTET
.
T PR TR A
WL
7. T
wTATTE
AT D
v .
WTEHTRD
v w
WTEETED
LeL AR
. -
WTANT
sl
ra
WT.CATINED
e L
NI
wT.4THI0
WT.CAFAAT
wT. e
.
wTLgE
ALETRIE
W FE
W TR
[ Ed 1T ol
HTETT
-
WL RIS
AT
v v
WT.ITTRM
w1 I
-
WA
WT.CETIA
AT
HIEnIn
WI.ITT
w1k
[ Ed 1T ol
oA TATY
WRETE R

Wi I.I'H L1 ]

Temufuns
HETN

e
niifieg
T TR T
VIR
- w
S ETp
_—
BENSOER
P
Fr-iAma
STELT) 1 g B
- rw
ATRAT AT
AR

Y
Terysry
Cak gt

v or m
FHRILTEN
Twmlbe=rs
i'rln'lin"!
e
o - W
SINan TR
;ﬂ.‘l‘rﬂ'l?'l'l'l'l
iBoaTTIsing
:mni]
URUTVRITA
UL
5
smaint

-
cINOAD

T

uMTInEE AN 28RS

amTimenanrn Telsfmr=1mannd e r—unsoeiie

i inireneretus= e Tulsfoial=rmelan

mfmrlu'urrrﬂ'i‘hhﬁmn'[u‘[uimm!:';ﬁLj
amvmensoon TRladomTulsErsunargns
amvmenanomn TRladomlulsErvunedgys
amvmenanrmn TRladpmTulsErvunarys
amvmenanomn TRladomlulsErvunadgnys
mfmrlu'urrrﬂ'i‘hhﬁmn'[u‘[uimm!:';ﬁLj
amvmensoon TRladomTulsErsunargns
u'nfmrlu'umﬂhhﬁmn'[u{ufmwra;qn.j
amvmenanrmn TRladpmTulsErvunarys
amvmenanomn TRladomlulsErvunadgnys
amvmenanomn TRladomTulsErvunargns
amvmensoon TRladomTulsErsunargns
u'nfmrlu'umﬂhhﬁmn'[u{ufmwra;qn.j
amvmenanomn TRladomlulsErvunedgys
amvmenanomn TRladomlulsErvunadgnys
amvmenanomn TRladomTulsErvunargns
mfmrlu'urrrﬂ'i‘hhﬁmn'[u‘[uimm!:?qn.j
u'nfmrlu'umﬂhhﬁmn'[u{ufmwra;qn.j
amvmenanomn TRladomlulsErvunedgys
amTmeA AT uAT N T T
amTmeA AT uAT N T T
AMTIMENA DN UA TN T T
amTmeAnATuA TN T T
amTimoAnATHe TN T T

amTmEnA TS

amTmeA TRt

M TIMENA DN

amvimeAnn TRlsdrr-ieanns ey
amvimenAnon TRladmr-veasns e
amTmenAnE TR T

amTimenAneTna

AMTIMENADTIEN

amTmeAnATuA TN T T
amTimeAnATuATun T T
I-I'l'l:.i'l'lr.'lﬂ-I:IE'IFﬁ:I.l-I:Il"i‘lI;

ME=ATHABIT T

amTimenaniEslwai

124

€-NETT &M




mTlszyaiem TieiewEwRalznaing a1 7

3-5 W WAL 2554, T3UTU Phuket Orchid Resort and Spa wianzTh S1wiagifin

£ o o & o F e 1 |
A1INaIN ‘smmaﬂvl "}1'1?1 a9 UULTAALAIDIVIAULUULDaNADAY ﬁ-ﬂgf»‘lrla'lj T LT]F”.TIE.I

Taslalzariassdarvaniiag

Forecasting Power output of PV Grid Connected System in Thailand without using

Solar Radiation Measurement

(3 L ar i
TIUUT ‘H'N\TH l.lEl!liIi.'g!_Id daanas

- - - I3 - a - o [ s s o
n'lﬂ".l"ﬁ"l'lﬁ"lﬂ‘!‘il]‘1ﬂﬂ'l ATUZIFINTINFIARS IJ'I'!"I'JTI!J'IELILTIFI‘[H‘[EIEIT'I‘HIJGFIHEIQ]EI‘! IUHUHIAR-UATUWILN @TUARRDINN 2N I]J'Jal

Fawiatnumil 12110 Tns 0-2549-3571 Tnvens 0-25649-3422 E-mail: pboonyang@hotmail.com

o
unaats
T - -
stutsadum anfiadldsuanufivnduenannlugae
4, d P - ,
wanpdfeiuen dasenidundsnuazona ldinansznuda
- Y o e N | - ;o &
fussouaATUmaianatda s ulaminhiBeiiagsiu
b4 4 ' 8 & ' e a = ea
wiaumTefianas wdtadriaatmilmaawdsnuugafingda
™ - e - i ¥ -
wasamwanuasafinduuilanaldwluenifiasuananw
- - - 4 4 a W A .
pilematlaouudas sadadadaudniuszuyWiazdma
naznudaama neszun WA lE Wandladywadandaa
xa s oo L4
unaauidsiiananisnensolinda W dvesszuuiea d
- . y o o
umafiadlaslinsdwinannudu FEruesanonfiad waz
L . = . - -
dayamaeniniaima fwiulanredsamiiiseria Eman
. '3 - e L
Taslfdaysmeumosiuanfiadifan: m aafioinmme
- e - - o - e -
mnemaaiuaznalulad anvinerdunalulainowmadyyd
) - ' N e 3 ]
A INEANIIANEUAENARBINL T M TRENIoiA 18T T sdand

ﬁuuﬂﬁu'ﬁn:mm:nﬁﬂl.lﬂT:qnﬂiﬂu‘la"

£, 5 A 5 a = .
AR I"I'I!WEI"IH'II'I-‘I:I"I'IEI\!‘[‘I'J'I"]'I, Uy I.‘lTEIE‘I-I.I.l."I'\'Ia"I'P’IFI!_Ir T.FI'S\'H.I"IH

sz

Abstract

PV systems have been increasingly installed worldwide in
recent years. Because it produces clean energy, moreover the
development of technology is continued therefore the reliability is
increasing and the price is decreasing in opposite. To implement
the PV system, however, a significant limitation of PV system is
the uncertainty of power from the sun. This will affect the quality
of the electrical system. Therefore, this article will present the
power forecasting of a PV system by calculating the solar
radiation, collecting data from weather forecasting, and using
Elman neural network to forecast by using data from PV system
installed at roof top of Faculty Science and Technology
Rajamangala University of Technology Thanyaburi.The results of
study found that the tendency to apply this method any further.

Keywords: PV Power Forecasting, PV System, Neural Network
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Forecasting Power output of PV Grid Connected System in Thailand without using
Solar Radiation Measurement

C. Chupong and B. Plangklang

Abstract - PV systems have been increasingly installed worldwide in recent years. Because it produces clean energy,
moreover the development of technology is continued therefore the reliability is increasing and the price is decreasing in
opposite. To implement the PV system, however, a significant limitation of PV system is the uncertainty of power from the
sun. This will affect the quality of the electrical system that connected. Therefore, this article will present the power
forecasting of a PV system by calculating the solar radiation, collecting data from weather forecasting, and using Elman
neural network to forecast by using data from PV system installed at roof top of Faculty Science and Techmology
Rajamangala University of Technology Thanyaburi The results of study found that the tendency to apply this method any

Sfurther

Keyword — Neural Network, PV Power Forecasting, Solar Radiation

1. INTRODUCTION

PV systems have been increasingly installed worldwide in
recent years. Because it produces clean energy, moreover
the development of technology is continued therefore the
reliability is increasing and the price 1s decreasing in
opposite. To implement the PV system, however, a
significant limitation of PV system 1s the uncertainty of
power from the sun. This will affect the quality of the
electrical system that connected [1].

Therefore. the forecasting power output of the PV
system can help to increase the quality of the power
system. There’re some researches discuss about the
forecasting of solar radiation [2] [3]. but is not sufficient
to forecast the power output of PV system because power
output of PV system also depends on the temperature
changes as well And some researches discuss the
forecasting power output of the PV system that need to be
mstalled solar radiation measurement [4].

In this article will present the forecasting power
output of PV Gnd Connected System without using Solar
Radiation Measurement. The methodology used is to
calculating the hourly solar radiation for the next day and
use data from weather forecasting Maximum temperature,
minimum temperature and cloud conditions in the next
day as input of neural network. To forecast hourly power
output of PV system [5].

2. THEORETICAL BACKGROUND

2.1 Calculation of Solar Radiation on any plane

Solar radiation on any plane consist of 3
components as equation 1

Gr=Gb+Gd+Gr (1)

C. Chupong and B. Plangklang are with Department of Electmcal
Engineening, Faculty of Engmeering, Rajamangala Umversity of
Technology Thanyabur, 39 M.I Kleng 6, Thanyabun, Pathumtham
12110, Tel: +662-549-3571 Fax: +662-549-3568 E-mail:
ai.charnon@gmail.com, phoonvangiahotmail.com

Where

G is Total radiation (W/m”)
Gu  is Direct radiation (W/m®)
G  is Diffuse radiation (W/m®)
G, is Reflect radiation (W/m®)

All 3 components can be calculated by equations 2.1 to
23

Gb = Goros 85 2.1)
(14+eos &)

Gd = Gocosfz f{f%ﬁs'x 22)
(1+cos /)

Gr= pGocos 8z T — @3)

G, 1s solar radiation outside the Earth
atmosphere (W/m?). which changed every day
during the year due to the motion of the Earth
around the Sun. calculated from equation 3.

- . D
Go =Gs 1 +0.033cos 360 — 1|

L . 33] (3)
Where
G. is Solar Constant 1367 W/m®
D 1s day in vear (1-363)
t. td, tr 1isthe atmospheric transmittance for direct
radiation, diffuse radiation and reflected radiation

consequently calculate as equations 4 to 7 [5]

@ 15 reflectance value of ground
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(- y
Iy =ay+aie. (4 Where
& 15 Declination Angle
Where €
) ) , 2 s Latiade of Location
= r[0.4237 - 0.0082(6 — 4)°] (5.1)
) & is Hour Angle of the sun equal 0in noon, +90°
a =r1[0.3035 —0.00395(6.5 — 4)°] (5.2) when sunrise -90° when sunset change 15° every 1
hour [6]
k= ra02711+0.01858(2.5 — 4)7] 53)
4 1s Azimuth Angle
£ = 02710204, 6 e
&= 21 455m 360 '-Dfﬁ"_“"
£, = 0271+ 0.706¢, 0] - S (10)
w=1512-3T)
Where ) ' (11
A isattitude of location in km Where
ST = L8T + 4{Ls— Lloc) + Et (12)

1p. 17 and 1y are correction factor for varous climate

type as table 1

Table 1 correction factor for various climate type

Climate type n 5 n
Tropeal 05 098 e
Midlatimode Summer o9 (k] L
Sabusctic Summer L] 09 LUl
Mudleiode Winier 10 1 L

From equation 2 % is Zenith Angle and g, 1s
Incident Angle calculate by equations & and 9 and # is
Inclination Angle of PV surface. detail in figure 1

Fig 1 Zenith Angle. Incident Angle and Inclination Angle

cos #z =cos Scas feos @ +sin Fsin @ (8)
cos Fr=sin S sin deos © —sin ScosgsinFeos

+cos & cos ¢oos S eos

+cos & sin ¢ =n f cos & oos @

+cos Jsin o dn @ s F 9)

ST  1is Sun Time (Hour. Minute)
LST 1s Local Standard Time (Hour, Minute)

Ls is Reference Longitude (for define time zone, ie.
105° for Thailand)

Lloc 1is Longitude for Site Location
Et 15 Equation of Time (Minute)

Er=220.1831(0.000075 + 0.001868cos £ — 0.032077sin &

0014615 c0s2€ — 00408495102 8) (13)
(D-1
8 =360
Where 6 (14)

senih poke

Fig 2 Declination Angle and Zenith Angle

We can use equations 1 -14 to calculate solar
radiation on any surface in anytime of vear in clear sky
without cloud only [5]

In forecastmg PV power output application we must
consider other weather condition as temperature and
cloudy too.



wian wisinw
9ith Eco-Energy and Materials Sciency

2.2 Recurrent Artificial Neural Network

The Elman network commonly is a two-layer network
with feedback from the first-layer output to the first-layer
mput. This recurrent connection allows the Elman
network to both detect and generate time-varying patterns.
A two-layerElman network 1s shown in figure3.

Bl =F
57x]

o e g STaL =

Input Racurreni fersig layer Cutput purelin layar

ik = tansig (MWD +LWLRNE1) + b k) = purelin LWziati b +b2)

Fig 3 Elman Network

3. PROPOSED FORECASTING METHOD

Proposed forecasting method presented in this
article 15 to use Elman neural networks which the Inputs
for network has 14 inputs includes the solar radiation
from 7:00 to 17:00 for next day, which was calculated 1n
section 2.1 (11 mnputs) and other 3 mputs are data from
weather forecast highest temperature for next day. lowest
temperature for next day and cloudy condition for next
day that use cloudy index as table 2

Table 2 cloudy mdex

Cloudy condition Cloudy mdex
Clear. Partly-Cloudy 0.9
Cloudy 0.6
Ram. Fog 03

And Outputs from network are forecast
hourly power output (kW) from PV from 7:00 to
17:00

or et iy
7a'deck
o | Dotk |
e o'tk
Cleer sky R . .
rodel »
. - Elman MNeural
. . Netwerk -
L |—liodok
Max Ta ety far et &
Weather Farecast | wo Tergesnis for nas g
Data
Sgathartng i

Fig 4 Diagram of propose forecasting method

sosium, Chiang Rai, Thailand, 25-28 May 2011

4. EXERIMENT AND RESULT
4.1 Training the network

In this experiment using MATLAB software to
create network and training, data used to train the network
come from the calculation in section 2.1. weather forecast
website www wunderground com and hourly data of
output PV 1 kWp Grid Connected System at roof-top of
Building Faculty of Science and Technology.
Rajamangala University of Technology Thanyaburi. In
this training use these data from 17% Jan 2011 to 23 Jan
2011

Fig 5 PV Grid Connected System used in this article

These data are taken through a pre-processmg by
Linear model in MATLAB to normalize all data in range
[-1 1] that make more efficiency in traming process.

Parfommancs 15 9.67455e-005, Goal 1s 0.0001
T

10 — —

g 4
=
qg w'y 4
g i 4
ook 4
g

iy

i S S T S ST S SR S

S0 00 150 200 230 200 350 400 450 S0 =4

[ =toe Trsir | 550 Epoche

Fig 6 Training of Elman Neural Network

4.2 Experiment Results

After traming the network. we have another set of
data to test the network. These data are come from
calculation of the solar radiation and weather forecast
during 31 January to 3 February 2011 we normalize these
data by Pre-processing process and then input to network.
Now network give output in range [-1 1] then mput these
data to Post-processing by Linear model in MATLAB we
can get forecast values. These forecast wvalues are
compared with the actual values recorded at site. Then
calculated as the average error Mean Absolute Percentage
Error (MAPE) by equation 15, which in this experiment,

135



wian wisinw
9ith Eco-Energy and Materials Sciency

the MAPE is equal to 16.83%.

.mrr=“—f,'\'uln.._

a 2 (15)

Compars Actual & Forecast

o
o HHHEBEHSE

Fig 7 Compare Forecast value and Actual value

To validate this result we compare this MAPE
16.83% with application of Recurrent Neural Network
and measured data of solar radiation to forecast PV power
output [4] that have MAPE about 12% -17% vary in each
month. The MAPE of 2 methods are too close that mean
this forecasting method can acceptable.

5. concLusION

Forecasting power output of PV Gnd Connected
System by data from calculating the solar radiation in
clear sky condition and weather forecast data as Input to
the Elman neural network instead of using a solar
radiation measurement. In this expernment found that the
forecast and actual values go in the same direction. The
errors were 16.83% the data used in this study were also
few and still have to collect more data to study 1 further.
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Study of Error in Forecasting Power Output of PV Grid Connected System without using Solar

Radiation Measurement
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Abstract

PV systems have been increasingly installed worldwide in
recent years. Because it produces clean energy, moreover the
development of technology is continued therefore the reliability is
increasing and the price is decreasing in opposite. A significant
limitation of PV system is the uncertainty of power from the sun. This
will affect the quality of the electrical system that connected. To solve
this problem, the PV power forecasting methods have been introduced
recently. This paper will present a PV power output forecasting method

by neural network without using solar radiation measurement. Then the

analysis and comparison of forecasting result in winter season with
clear sky and rainy season with cloudy sky are investigated. We found
that in the clear sky forecasting results are more accurate than cloudy
sky. Therefore the forecasting application must be considered for this

issue.

Keywords: Neural Network, PV Power Forecasting, Solar Radiation
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