nsausesiainvgagadmiuiviuaunislasselssamiiey
wuuweswunsaunatevulaglulusugemina

MAXIMUM POWER POINT TRACKING FOR WIND TURBINE USING
MULTILAYER PERCEPTRON NEURAL NETWORK IMPLEMENTATION
WITHOUT MECHANICAL SENSOR

Ugags nowius
PIYANGKUN KUKUTAPAN

IngrdwusiidusunivamsinwmamingasSyyimnsamaasniudio
suivndsanssulvia
ALIEAAINTINANGAT
aarumeluladnszesunanaigummsmanszis
W.A.2559
KMITL-2016-EN-M-020-075



nsmuseeiflnigegadiusuiviuauaelassineUssaniiiey

¢ & Q) ¥ ¢
wuuwastsunsaunantavulaelildiwuiwasniena

MAXIMUM POWER POINT TRACKING FOR WIND TURBINE USING
MULTILAYER PERCEPTRON NEURAL NETWORK IMPLEMENTATION
WITHOUT MECHANICAL SENSOR

Ydans nnnwus
PIYANGKUN KUKUTAPAN

"31/|mﬁwus‘ﬁtﬂudawﬁwaamsﬁnmmwé’ﬂgmﬂ%ﬁymﬁmnssumamumﬁmﬂm
d1u13913AN U LHA
AMZIAINTTUAENS
antumalulagnszaauindndinummisainnszds
W.A.2559
KMITL-2016-EN-M-020-075



MAXIMUM POWER POINT TRACKING FOR WIND TURBINE USING
MULTILAYER PERCEPTRON NEURAL NETWORK IMPLEMENTATION
WITHOUT MECHANICAL SENSOR

PIYANGKUN KUKUTAPAN

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2016
KMITL-2016-EN-M-020-075



COPYRIGHT 2016
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



ARZIAINTINAGENS
dondumaluladnizaaunddnaunmisaInn el
TuSusasingntinug

Widadnetinug  nmsmusesidalnihasandmiuivivauselassneussamiion
wuuwesiuasouvatedulagluldiwuweinina
Thesis Title Maximum Power Point Tracking for Wind Turbine using Multilayer

Perception Neural Network Implementation without Mechnical Sensor

inAnen weldans  nnnwus

FAUTZIR7 57601405

USeyayn ANTIUAER I U

#1139 Ferngaulnin

919138 NUIN W1 INYIUINUS HANT.ASAY  Usuad

NUNBLAVINGTINUS KMITL-2016-EN-M-020-075
ARIZNITUNITEDUINGITNUS a1wila%e

SA.05. AU Wesitivila /\\ T N——

AT.AUNN Haldl » SAPLT

HALAT.ANA 51359

BFL.AS.I5YR GEEEINEY T e 0 )

i '
= Qs =

Tu/wow/ U oy Tums?l 13 nsngad we. 2559 1aan 10.00-12.00 u.
anUNEDU o ©1AISRANNIEINYTA Yiee HM-306

AMZIAINTTUANEARNS Suseeudn

(599F89519758 A5. AUFY U1AT)

AMURA AMZIAINTTUANENS

Tull 13 AINRIAU W.A. 2559



WadaIngnlinug nsnusesiaalningeandmiuiwivaumelasaing

Uszamileuwuumesidunsauatstulaglyltauiwas

4N
UnAnwn WeUdans NS
siaUsEIi 57601405

USayayn AMINTTUFNENTUNI TR
#1130 Aernssulnii

W.A. 2559

219138NUTNWINeNTNUS  WeLATATIY Uayuad

QaJ 1
unanga

enfinusatuiidwenismusesiadliihgeedmsuivivauvwadnmelasng
Uszamiisuuuuinesiiunsounatetulaglildwueeiviing gaymunsveddingdnusae

| gy [ 7 I 4 a a =t v L% (4 1 o w
anyaAlduazaudutouauwsdenslissansnings denuduiusseninaiigsini
waghanlufalduanddiiiuiafiladanmunzauagyiliinaniaslnigean lnedeyadiin
nasesidalrififeussiuliiwaznszualuihazldlunisiuin Mdslih dnsnis
Wasnuwdasidelnfuasdnsinisvasuwlasuseiulniinieazlddudunavedlasdie

Uszamiiis il uume SLEUnsaunalety 1anavitaainlaseielssanniiiguwuumnes

(4
= &1

dumsounansdufedidailuAaisasmeussdu Tunismaaesarldoninly gluduwiae
Uszanana SeinendnudiazFouiisumanusesialnihgeaalneld Tassdneuszam
Feuuuuinesidunsounaisdu way Bsuniuuszdunn(PO) Famanimmaaeswuiinisni
sovidslnihgegriasldlasstneUssamisnuuume fdunseunateduaziisyaniam

Faalalole



Thesis Maximum Power Point Tracking for wind turbine
using Multilayer Perceptron Neural Network

Implementation without Mechanical Sensor

Student Mr.Piyangkun Kukutapan

Student ID. 57601405

Degree Master of Engineering

Program Electrical Engineering

Year 2016

Thesis Advisor Asst.Prof.Dr.Siridech Boonsang
ABSTRACT

The thesis proposes maximum power point tracking without mechanical
sensor using Multilayer perceptron neural network (MLPNN). The aim of thesis is to
reduce the cost and complexity but still retain efficiency. The experiments show that
duty cycle is generated maximum power, if it has suitable qualification. The
measured data from DC generator, Voltage (V), Current (1), Power (P), Turnover rate of
power (dP), Turnover rate of Voltage (dV) are used as input for MLPNN model. The
output of this model is duty cycle for driving the converter. The experiment
implemented using Arduino Uno board. This thesis is compared to MPPT using
MLPNN and P&O control (Perturbation and Observation control). The experimental
results show that the proposed MLPNN based approach is more efficiency than P&0O
algorithm for this application.
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W9 w,,,, Aeruiiseulsnes (rad/sec) V,,, AoAuEIan (m/s) wag R fe Seileg

rotor

Aeuau (m)
A A - a Lo o o & £ V1 < d‘ = !
.Weaglarmduusyansmdagaandiludedldmanuisevimnsan (o,,) T
< A g U = Vo1 < A
ANULTITOUMINEaNTuaIITanIaINNsUTUA el Fanldriainuisaseud

wzantiuaglée Tip speed ratio fauansluaunisn (3.3)
TSR,V

opt

o wind (33)

opt T R

TSIJI00 PMOF

LE"J

L J

Tip speed ratio 2

[

5UN 3.3 Anuduniussenineduuseavaiaauwas Tip speed ratio [3]

nasnunnanlaandsfuausuindndaduieiduresninusiay 39 cut speed fio
[ PN 1 = Y @ 3 dy < 1 l I a
AuSrandliansaenusaudeaniule saduluge cut speed Tazidugeiiliiio

Mgl nda9nga cut  speed  lUudamdalniasiiuduedasiniialugyn “rated

0 = =

9 Y] LYY A a g Id (% = < a
speed” ToevluisiuanindniiuazAilsdsqn rated speed LUndn FeninarusrauLis

9

UINNIYA rated speed MasiilavzrpennasiazluinIzAse men wag MNAUNIIEIEYI

Tmaaeudsela
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Wevinsuuusuatanuimuisienssiuezeanuialui wazvinisiniaslai
wazALLEITEUNYAR1eY azldngvaesiasliihdaindensening Aasluinazeainuso

58U fauandlusun 3.4

= 10 —--V=2m/s

S 8

s ——V=3m/s

® 6

2 V=4mls

o 4

0

..§ 2 ——V=5m/s

= 0 V=6m/s
0 500 1000 1500 —we—-V=7m/s

Turbine Speed (rpm)

JUT 3.4 nslmaudnuasidsliihvesiaiuay

3.3 Msnuseemadnnigeganle3ssuntuLazdung

(%
a

nsmvANKUUTUNIUkasdLnadumelianisednaans Ine3slarsuniudiuys
dunanariuusmunu Tagagsuniuaunseienisivasuudasmendinuneindugud
SUT 3.5 LARINSYINITLYBINITAIUARLUTTUNIUAZA NG 2] fhgansinauegnsdineves
ngaan (mmduduuin) sazsunmudnvsmuauifievduidmsiefidannluniaw 3
Tumensedudny mngansviauegmasuwnie fMauguazssuilvneidanalud
fuiheiiieitlndangian fefvesissuniunazdunnfelidududesiauiizosnsm
AuanRvostaiuan odslsfinm winededazdiladouasBangu udeniiagldyageand
Wia3e Falgmmdnfienisfiviun step size fiianzan mn step size dAnanniiuluagle
o

NIROUAUBATILAIZIARDUNTOUAEER Tunanduiy win step size  flAtosudiazdl

Uszansnmunnduusausilunisligageanazdias
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Power (kW)

>
Geneator speed (rad/sec)
()
A
P--mn
s
2 :
-
AP
@®
e
- .‘ )
Geneator speed (rad/sec)

(@)

5UT 3.5 M9v9uveadsTunIuLazduns (n) step size AN (V) step size detiay
(2]
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3.4 lassUrgUseanniiey (Artificial Neural Network)

waduszamidien (Artificial Neuron) udiumildlunismierdnadsauisamle
MNUaRNITENIBUNATuINnesngn (weisht) ntuvihnisuinieeluda (bias) lny
Hendunldaziiuluaufleidunseduiamnsoesuialuaunisldnuannisn (3.4) ng

lassasvesgadUsramiiieuniidune n Bune dwuandluguin 3.6

y=f[> xw, +b,] (3.4)
k=1

x1

w1 Neuron
X2

— > F() — Output

x3
Xn

Bias

JUN 3.6 lassasaveasanusvamiiiey

HandunseAu (activate function) fimeiuegnaesin yiausnie fandunsseu

WUUddug I sl ulafsaunsn (3.5) uay uandnagun 3.7

f(x)=x (3.5)
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Linear activate function
5 T T T T T T T T T

linear(x)

JUN 3.7 flantunseiunuuigaie

a

U7 3.8 uag 3.9 wansilsddunseduuuulifudadu eilaidunseduuuulsiduds
Gutusidhe fusgnarsuszinn Tneagianldlunssuiunisasulasmieyszamiawuy
ffoundu (Backpropagation:BP)  #lvritunsedunuulidudaduildtuegraumivangliun
Handuuuulada@ng (logistic function) wazsagunuulamesluan (hyperbolic function)

AIAUNST (3.6) WAz (3.7) AUANU

f (x) = logistic(x) = ml(—,b’x) (3.6)
() = tanh(x) = &= (3.7)
£ 1@

'
P

NN (3.6) assfiudnganeinnvesiliduladafndezegsening -1 8a 1 lnei

o aa A A 1

B PefAutuniiaIag Wensanli g A 1 Yraerdnnvesiandulalasind av

ogluts 0-1 faguil 3.8
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logistic activate function

1 T T T T T

lagistic(x)

sU# 3.8 Mentunseauladasind

hyperbolic tangent Activate function
1 T T T T T

05F .

06F .

0.4

02F &

tanh{)
)
1

-0.2

04t .

0.8

21 1 1 1 1 1

X
sUN 3.9 dlandunseiulamesiudn

lardunsyAuuuulidudaduazihunldduilaidueodnsves “wesiwunsou” oy
efiilandunsedued 2 vlia fie wuu nsalead (Threshold) Farordnnvasileniduazilu 0

| § v a o . a ¢ 5 Y =
39 1 hageAduLuugna (sngnum) %m%mwwmaaﬁqmummu -1use 1
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3.4.1 Tasesadelasstngaauseamuuusuien (Single Layer

Neural Network)

wadUszaidion (Neurons)  gnaaudungudulagluudasdufazinismutuiy
Tasste Tngludiuresdunntuaglisuegludundutu damslinudnduwndilduri
Thielunistdoudunalifueadlssamisudniedsielunsuuusdundasieadludu
solufemnnduimidn (weight matrix) studeluinannisamiemnindiminasdu
Fuordnm (output layer) (ntludiuvessaddszamiflunuumosisnseunansduas ity
gou daaznanluihie 3.4.2) lugruvesmludaazgnssnilulumaduszam eflazyinli

a

iladdunszdugnamaeamnegud lnvdlnaaludagnialuldilulvun (node) uws

draeavetlasetielaglvda v 1 lawe diudnihninfaeuegsevninadunn futusely

2941A9N9RARA1959v09lUdE  SUN 3.10 wandlaseasnavaslasavigussan e Uty

Y

LfEn
Input Layer
Output Layer

X0=1 wW

Y1
X1
X2 Y2
X3

sU# 3.10 lassairdlasaigusramiiigunuuduisen

3.4.2 NITUIUNTTUTUUULINESIUUR T U(perceptron)

'
a Yo

wadUsvarmilsuduiersvumesisunsoutuduniinegrininewis Jugad

= [

Uszamifiouuuuimesiwunseulsgnitaunlag Frank Rosenblatt [11] Fsidninarmdniy
Tnssthevszamifsnnuumefieunseude Tassisdssamifisuuuuduieuuludamd
(feed forward neural network) lagazldfladdunszduuuuimnsaleas UM 3.1 uans
Tnsstngues inpsiwUnseunuutuies fssenoude Sunm S1um 2 Tnun way o dne 1

Tun
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Input Neuron
Output
Sum - _|_ > Y
Bias

JUM 3.11 lasaguszamiiieuuuuinesiaunseutulie (single layer perceptron)

lassirguvuinesigunsounuuilvagldilaidunssquwuumsaleaniualuda
v o rF PRy, = a 3 = ¢ v v 'z o A
aatuAnemnanlaasdunuuluuns (binary) daednnilannilandunsequuuulunniaed
A1 0 MU 1 9NUNAZHIUNTEUIUMSITEUI huUiinIsaeu(supervise learning) vilvianunsa
IpdnguiuureBunala nszuIuMsEeusvlaleedn 1 suAuYewINmasUnTn (weight
vector) -waz luda Tasn1sasAsuduluaziiaInaAdoss o tasiunisdusa 9ntuun
dunaudoulvidulasevie lagandnantaainlassdigasdillilseuiteuivandinungy
(target)  loyazuAIAIINRANEIN SRR UL BRaEIRANA N WU B UL B UL AT

=

Ut msnzauigyiilendnmintassdiedalndipeeiuidimving
= o s aaa aa 1 VY &
NITUIUNITTEUTHUUINES I UATRUTNBUNS 2 87 arunsaudsuenszuuladu 2
du Ingaunsnisulas (transfer equation) Feaansadnvildlluaunisidunss Tudauves
Jgmiduwuu 3 15 aunisazeSuregmeaunisseuny drudymniidfiuinnintuazgn
asuNgMeaNnslamesinau(hyperplane)
N3UR 3.12 zdanaladnveuiunnisindula (boundary decision) wfentmIn

AUINLABSUNNUNLALD
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Perceptron Decision Boundary

UM 3.12 Rawesumtindwiniuveuuansindul

lasstneUszanniionkuuinesisUnsoutuietauisalenduns wuulBudulausay
= a 2 A aa I a Y av [
fnuiianatmindulatunsaindunsidusuuidadunliannsausenls (inearly  non
separable) feg1l exclusive or (XOR) Feeglugunuvvaadsdunlianansawenla
(linearly non separable) UJayun exclusive or (XOR) lugansaniidureunnisdndulale
lisnduseslaseisuuunatady (multilayer networks) @9Usznausiedunndu 2
Bunn(1v380) war Yugowsgiiuau 1 4u lasludiuveuerdnnvedlasstietuivualvl 1
3 = a Y Y] v & Ada aa v & |
L@1ANe Feaunsoasuiglanidunse 2 uluiunid 2 96lae 2 duldaunsowusenya
vosnguiliduilsidudadunlianansasenla(linearly non-separable)saidunss 1 1éu
¢ AY o o A | A s a v a Y
waslgUnseuivedninfeausanuiensusuunduilanduBadunannsauenle
(inear  separable}vindunaziorsnafladuduiuuluui@sdodidanaregdoves
wesiwunsauausaunlulalaglasstisuszamuuumesisuasouluunanadu (multilayer
perceptron neural network) wseldilsidunszaunuuldiduluuinon-binary) uaz M3
= yala o v & s S Ao ¢ o Y I3
Seuindanududeuniniu Inginefiwunsousuuratedunddaidunseuwuumsalean
(threshold)uazlignuanld iesainlassvigasldauisaseuslamengnisiseunes

wesiwuaseu Lsannflsidulifinuuanseiuyililianansaiseuimensyuiunis ns

o '
v 1A

\AGeuaImNANTU(gradient descent) fausiituKINYBIlATIVIALYNAIANTUAUNIRN
ey dutunaswadasiietuevgnissuilaeiunsiteuiiieduunnguvesliaunse

wenlgi(non-separable)
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3.4.3 1assdnewasussamuuunatedy (Multilayer Layer

Neural Network)

1A UTEAMTEURLUUTANETUNI DAV USE AT ULUULNB S URTaUNAE

[
o

Fu(Multilayer Perceptron neural netowkr:MLP)AlAsaneUszamiisunusznaumietu

gau(hidden layenagnetioy 1 5o 2 T [10] Feundnadazldilandunsequluudasinunay

a N U

Juilsidunszdusiafeduwazagldilaidunsyduadeduiuilsidunseduludiudu

v A

w1nn HendunseguinfedlddmivlasaneUssamiisniuurateduneilandu Inueed

q

(sigmoid) #50 HerduLtaidu(linear)
9 I3 3 ~ I3 a g, . ' I3 Ay v o o
fuednnveusadusramiisuduuuudnuesd(sigmoid) Anendwaiiliazgndiin

Tmvindu [-1 1] dnsuwadussamdeuwuulamesiuan Tudiuvesileandunuuladanndas

(%

ipAneIanalIv [0 ety g=1) duwaduszamifionvasoidnawuuidaduasly

[y

gnfnAnednaLazaIsaviAIvINala g Al

v <

lassngysgamiissuunaletuniitudenedntos 1 9u wasiifsidunsedudy
a &V v - 4 Y ' ) v oA
LuuBnuegs lasun1sitgauuaitaunsaszinnmilndulagliegsoiias [9]
TasengUsgamsusuuratestuldaiusavaniainsnuiulnusludugeusiuiy
wilns3senaauaziunindumin(matrix weight: weight vector) NiduiusAUAIAIIN
a ‘ﬂl 0’./’ v Y A 1
Aananassliazgnvnlavselyl
lng3unl 3.13 lawansdsanninensiuvedlasaingyssaniiouiuunanedu
(multilayer neural network architecture) &sUsznaulumy Bunndiuiu 3 Jnun wazlutu

FoUTUALINTILIL n Inun wazewne n lvun
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h0=1
X0=1
x1
y1
X2
x3 yo

5UN 3.13 andnenssuvedasadieuszamifiguwuuvanety (multilayer neural network

architecture)

3.5 MsuFudsurialsiminuuugaunaunazsuiuunisiseus

(Backpropagation and Related Training paradigms)

nszurUNISoundu (BP) uisnnsiluiilddnnisiunisuSuasuaimdnuay
ludaveslasatieUssanmiisnsuuinedisunsounaisdu(Multilayer perceptron  neural
network) TagnsyuaunsUsuAdsiminuuudeunduararfomaiainideuasmiuaudiy
(gradient descent) [16] 393 vAGpuawLANTUTLISMsTIdhdmma Ul N ivuae

Y
9n3IN15658u3(leaming  rate)dn widziiaaEResuInTY Inensyuiuntsnalumianidly
MaifilA1u530IN1IUTUAG I NLU VBN U Tuag AuluwusI(momentum)uay
9n351N19:3813(leaming rate)aunsatUasuunaale
= ac di ‘dl v ! ,6’ o/ o A IS a
gaasnmsdulglunisuntgmlunsmeardminuazludaimunzay agiinszuiui
Fudouuntu nednlng 357l lunnssuiuseninnguasdnsuaziaianisiniouss

AuANTU(gradient descent) FsionHlenlaunds lavenberg Way maquardt

3.5.1 aqﬁuﬁ%mﬂﬂﬁﬁunisﬁu (Derivative of the activation

function)

1 ) v s

nganlggniunldmeyiusvenszuiunsveinisusuamaminuuudeundy

ayiusvasilsndunseduuuuladadnduazlamesluin dwansluaunisi (3.8) was (3.9)

AUAIAU

f/(x) = of (X)(L— (X)) (3.8)
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£(x) = a(1— f (X)?) (3.9)
wean (ar) fe W fwesiildunuirrudu (gradient) Tnsvildusavhazgniden
wldidwinu 1

Logistic Function

0.5

1 1 1 1 1 1

0
5 -4 -3 -2 -1 0 1 *, 3 4 5

Derivative of Logistic Function
0.4 T T T T T T T T T

JUN 3.14 flantunseiuuuuladafnduazeuiusvasilendunseau

31n3UN 3.14 uansileidunsequuageyusvesieidunsequuuulaiadngd
aud1iu A nnsmlaziiuinAn Nt (sradient) ananaziindiuiie x = 0 L#B391NALEY

Y9ITNIINTFLUFUUTUTUVATDIA UL

3.5.2 ANS99UNAUEINSULASIUNgUSEEMINgUNRAN YU

(Backpropagation for multilayer perceptron neural network)

(%
o CY

F5USuAtasdndnnuudaundutdumataioonwuuuieavinlda1dinn
(weightwazludalinumanzauingauwasatondnalnalfssiuidmuneuiniign g9
anuRanaInva i munvdulngazeylusy anuianainenddeaes(Mean  Square

Error) §@unisa (3.9)

&2 =[T, - gy I (3.9)

¥

Faguuuuredlanatneaunsaesuglangui 3.15 Faasiiuiiusasduazgnunuee

[
(Y3 [y

i),k drugaduszamiiieuiiuazgnunume mn wag r audny Jalunsazdunagiavi
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1 dyd o v ~ A 1a . A -dlgj } %
U hp wag g muadu aedl x e Adunadnput value) T Aot munenasl

(target output) w feA1 MmN | Ao Asluilsntunsedu uae ¢ AeeIANNYRLLAR

compute -}T1

Uszanmuiley way & ABAIAURANAIA

X Whp.j ‘ lox ¢‘J\ il _>T2
compute.
Input layer (i) hidden layer (j) output layer (k)
Index h Index p Index q
mnodes n nodes rnodes

5U# 3.15 lassguszamifisuuuunanetulagldnmsusuamaimindeundu

i s v v 1 o= = i =~ A o
Ao WAl IEUsEaisLgIsauNAllAs U sEa i T 2
Hu Inglunsastuldiendunsesuriinladafndiilouiuaslaniaunisy (3.10)

¢ = log istic{w2 *[logistic (WL* X + b1)] + b2} (3.10)

(% 2 (% [

T3 w, A9 LRINGUIRENUBITULIN (first layer weight matrix) w, A9 LURINGUINTNVDIT
7 2 (second layer weight matrix) b, o LInimesludavestunsn (first layer bias vector)
wag b, Ao LMesludavaItuiaad (second layer bias vector)
= v ¢ 1 ~ v O A 2 A v ] o
dielgAananmanlasiielseamiisuna ity NN anenladALAneIeiU
1 o [ 2 a [y} 1 %)I v . a (Y] 1 goj v
Andnunedndudestinssuianaiudimnin (weight updates) lagazisuduinainauinin
Tuguwoing Tneenuminluduomnnazgniasunlasagagylirianuianainindaves

Amndesn1sinay Fernudnnasuudaslvanunsadiuinainnganid naniuay

Y v
=

Iolasstnend 2 du lnglunnazduazdiisndunseiuuuuladafndaziiuineisinm naslidud
Alugaa [0 1]

og?

=Mpqg = (3.11)
np,q awpq‘k

Awpq’k

=-n p,q5pq,k ¢pj

5quk = Zrl—q _¢q,k]¢q,k [1_¢q,k] (312)
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aun1sdmsuNIsIUwnAdmMinTastuL R NARIkansluaNnsh 3.13

Wogi (N +1) =Wy, (N) =17,48 008y (3.13)

1%
o Y

diedUwaaumnlutuednauds Sududssinisdlmeanivinludugousis

[% (%
1 Y LY

wsutugouiuldfouasandunettarget) nszafildaindudoudidesdaiiuluilu

Mo

[% '
U (3 =2

UNAVBITWBIANA (output  layer) FeAIAIUAANAINVBITULDIANALULIBYNA DU

()]

Qe

FugauiieduinnAiminlvdaiauianaintdesiian Feazsudunisusuaiminwuy

deundumgaunsitdlunismeainudulgradientvesriminuaznggnleilaunisaail

Pnaunsi (3.11) Aw,., =-n o ala
) pak p.q 8qu,k
/08
AW, = _np'qzllaw k (3.14)
15 pq,
og’
9 e g ] (3.15)
a¢q,k
¢
= agy [1- 4y, (3.16)
A 4
ol
q,k
=W (3.17)
a¢p’j pa.k
0P, ;
> Pl = ag, 1-4,,] (3.18)
p.J
ol .
-\ (3.19)
ow,

hp, j

Y]

1989N@UNTSN (3.14) = (3.19) @1USOAIUIUNAANT IAeadl

oe? r
= Z(_Z)[tq — ¢q,k ] - a¢q,k [1_¢qk] i qu,k : a¢p,j [l_ ¢p,j ]Xh (320)
hp, j 0=1
o9,
5hp,j = 5pq,kqu,k o) (3.21)
ol 0]
Wi, (N +1) =Wy (N) =77, X8y (3.22)
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n3ssuIdmsunisuSuaraaimdndeunduiinaniuntugnianyssenalyiu
A58 7fRINITIIUTBUNSEUFAIUN YRR AIURANEIATIFBINTS (error goal) &

FunausuAuTuINdudaIfAnSUs U INAasUINTNAaY Walrnwasiindnilan

teafignuariulsdunnazgninnisaivun(scalelleglumieifefunidvuadnian
(normalizeilaanlan1a@n15,nANISINAINBUANUAVDLTARUS LA MR UNTHINTU

¥ @A [
nIzauUIlUTNNDYA

Best Validation Performance is 6.6244 at epoch 8

107 F

Train
Yalidation
Test

10

10

Mean Squared Error (mse)

10k 1 I 1 1 1 1 1
0 2 4 6 8 10 12 14
14 Epochs

JUT 3.16 AMUANRUSIENINAIANURANAIATUNTYUIUNTSBUUUY BP

2NgUT 316 wuinszuaunsSeuiuuunsUiuassimidngeunduep) asmy
ANuinaInideanisigoal  eror)  ndaRnKIUATEUINNSBEUSIY 8 SaUNNTSEuS
(iteration)

nszuIuNsSeuiuunsuiuddshvingeundu (BP) Annmestvmiindsiuaas
Fonulifiddesigaiotesiunisiianisduineuimunvesilsitunsgduuuudnuesd

lngagyhnisaaunme s niniduannme 0.5neu

& o ¥

ALAUINNTAVUAYVIULIATDININTUNSEauUnTeTuratwadUsramAeulusenIan

9

a v A o aAa

nsrvIunsseusiiielilduauautuniaasred sening -5 e 5 Weilsidunsesduilu

Y

a s

wuuladafnd Aasun 3.17

Y
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logistic Activate function

1 T T T T T T T

0.8

0.7

06

0.5

0.3

0.2

0.1

5UN 3.17 Yauivnvewauautuvesilsidunseduiuulalanind

HaTINvesBuNRLariminAlseglutnLauatulidguNe linssuIuMsISeu;
a ‘3!

= a o vYa val < A < 1 i L' 0 ¢ o Y
NUsgavEnIw Fen1svlviduwe lvidivwisian(normalize)iausatiglausaitanmasuimn

ﬁmiﬁsummLﬁﬂLﬂiuﬁuuazmiﬁﬁiﬂﬂé’tﬁmqué
3.6 299INDUSTAVNIBI9ATUNABULIBILAES (Buck Converter)

gunsaleindsazvimihiluginddianvseiind Jeiluunnisviuisdinssuanay

neAINTEE JUN 3.18 uanvsasiuasiumaaliinssuansaiugulugauai

] /

DC R
L

(n)
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V, A
v
B -1y T >
¢ e —
on {

off

(®)

JUN 3.18 (n) 2935udasuNTELan ST (1) ussaulniivieen

E% =

=y a & o (Y 1 - [ ¥ £ A

Weadngiunszua ussnulniraiueenazdaniifunssduliiniugl wag e
andlaithnsvua wssnulniisnueenaslidinduaug

Falumshnssuawazngniinszud agladmanauswiulniiusenduiada

JUN 3.18(v) Faaunsamanedgvausmuliihnszuansimusenlaiainaunisi (3.23)

1T
W=?!%mm

1 DT

V= vt (3.23)
T 0

V, =V.D

e V, Asunesaelniinszuanss D fio fadiluida
a | ) P ) a & a =
INAUNTTN (3.23) NUTMIWUVIBENILANTAAUANIARIENTUSUA AR LLAA B9
D 118049 9MSIEIUVDIBINIAINAINTUINTEWARDUINIATNTIATUNITEINTY ANUFURUS

fauansluaunisy (3.24)

= ton = to—n
tntte T
t,, =DT

tyx =(L-D)T (3.24)
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We t, Aoteaaiadinnszid t . Aevunaaiadliiinizua waz T Aoveal

PUIAY

299IVDUTLAUNTDI9ATUNABUNIBDSLADS AD995NVI IS zauwsanulwinA 1 upaniian
ANIsI Ul U Taea9asunAauasWwasULateuld1995nNTRIANdAINIY (low
pass filter) iilefiagyiliuseruveenSeunariaudunssuansadelu Jalneunnazidenld

WAINTOWUU LC  ns1didnsnisannaudyyrasuniuiliufesnsunduiuias@e 9

<
AU

NMTAATIVINTYINUYNRTNBULsITUlUTan1Izegsi(steady state) Aiin1s

v
v A

AYUAEBULUNTYINTUVB TN UTEAUAIT
1. nszualwihilvaniudgindentiluksazaiunalasdamindu
i (C+T) =i, (f) (3.25)

Tumnganuninsgualiihalnarusmtedhagdanmdunsuwriadedulun

AIULIA

2. usssulndesneseusiimieniluudararunanvslidiniueue

t+T

1
W R ! v, (A)dA =0 (3.26)

TUnmNgAIIHATINYHAAMSEYI L S U LT nATafumTe i uLan (volt

second) luusiagarunadeiniugud

3. nazsdabiiiadevesiiuusegluudasaunaveiinuiiiugud

t+T

PR
== _!.lc(t)dt =0 (3.27)

HunmneenuitUszgngniivuasfimevesiaiuusegluusdazaunanszsonyint

o

4. mAdNIA AU nine1ueen

P=P (3.28)

S o

AsrunNaL UL lALSIAUYBBNANUNABINITILANUAIN kIInUINA R
anaseudunilen luudazarunaifiainduaud sinlvanunsaninssuanlvariuda

willgdhlanuaunsi (3.32) Famslasigiveseninluaniizedsi (steady state)
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-

I

+

i =

|-

Vo

5 3.19 29asmeusEsU (Buck Converter)

NFUN 3.20 wanssnaindiinszualnin Inenseualiiiaglnaainunasaneluds

aind rudamienh uazludilnan lnennssudlnihdundsazlufuiidiiulse

VL - VS'VO

+

"

JUN 3.20 2199sauyAlaaI NN TEuA

N3UT (3.20) 9¢lsiaminnsil (3.29)

—Ve=pyp¥/ =0
v, =V, -V,
vV, = Ldi
dt
di V.-V,
dt L
. V, -V,
Ai o =(———=)DT

L

(3.29)

(3.30)

(3.30)

(3.31)
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NFUN 3.21 wansgnnaindlidinszua  lalenvggnludaludrmin (forward  bias)

Walinszualuaniuimieitiednwowing saaunisn (3.32)-(3.36)

vV =-V, (3.32)
di,
V, =—Vv_ =L—*- (3.33)
L o] dt
dip _ Ay -V, (3.34)

NNENNISN (3.30) nszlanlvanudinilontiazaAss qanaunsiznsildsullasaes
nszuaswtehilanduauiiues

Tughuves dt feglulnuelsivhnssua fie dt= (1-D)T fsiuanaunis (3.34) axlél

: LA
Al g = L° (1-D)T (3.35)

a a P | Y] a ° ' a W o
naulen 1 nszualidfluanusndeitinlussasaruanasiawinduy Aaunis
(3.25) MssdeukUasueinszualuyisaniizegiisteady state) lulnunadnduinseua adl
AsilAs Ul UasniiuTuvinAunIsilasuslasnanasvaanseunalnirnlrarusndainly
el' a 1 o ‘:f! U = LY 6 d" 2 s:l' d‘ 1 LY
YeueNadIndlaiinssia F9919na12ludnuuntaba I NseasukUaIYDINTE AN AN U

LMUEJ'JU’]@‘I/]%ﬁﬂI’IL‘ﬁUﬂUEJ R]Wﬂﬁllﬂ’ﬁ‘l/l (3.31) waz (3.35) ‘”161

Al i+ Al =0 (3.36)

L,on

Vo V°)DT——°(1 D)T =0 (3.37)

(\/s _VO)D _Vo (1_ D) =0

V.D-V,D-V, +V.D=0

\Y%
=l (3.38)
\%

S
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Vi =V,
+ m .
o/o BN
o |l
+ * +
vs () Vo=0 — Ve

JUN 3.21 1995auyadieaindgliinnszua

naun1si (3.38) snsnisvenegeganidululaagsasldiin 100%  Finaunis

[

ITNBUTLAURTIAUVI8DNITABIUBYNTINTBLYIAULTIR U NYNEND Ing TuagiuAIAIf

1%
va o

loda Fan1susudmladaDuty  RatiozuSulanaudaugianis Tuneufifuueiaiin

WIIRUANATBUEINDLALH AT LS IR U IDBNTAN

1 o o A & o (Y]
3.6.1 ﬂ']ivnﬂqﬂ'ﬁ']ilL‘V]‘UEJ'J‘L!"I‘WLﬁﬂ‘i/lﬁjﬂ?l@\‘i')ﬂﬂiwauuiﬁﬂu

msmadwmienhidnigenszlinasveunswiwhnululnunnssuasnaiiios lag

!
=

BUAUIINNITRINTALRAUN AN IUANMRDIUITILNUNSEhaLRAsN AN Ul van

= o ° Y a  al | v & a o ¢
dosnnuasfiogluanmenisvhauedss nszuawdonlvaniiuduiuussgasiaiiugud

1%
LY

PNUU

I =1, =— (3.39)
R

NNFUN 3.22() aganunsomnszuaninariuiamieaiilcngeaauazangalaan

aunstutananglaliinsslanadl

\;
M = (3.40)
; 2
V 1V
|, =2 T[° (1-D)T (3.41)
L R 2[ L (1-D)T]
Lﬁa%’mgﬂmj%lﬁ’jﬁ
1 1-D

| =V [=+— 2.42
L, max o[R 2Lf ] ( )
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VL
K=F,
y &
DT i
-7,
(n)
ZL N
Ai,
+ 5 > Z
DT 7
()
Lc
= r | A%,

(R)

JUT 3.22 5UARUNNTYINUTDRTNBULTIAUY (N) UWssuninnATeuiinieldl (v) nszuai

Y

! o N o A ! v o=
Inasuiniieni (@) nsswanlyarudiiiulsey
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Aatiuaglanssuamtonimgaasaunisi (3.43)

1 1-D
I, . =V[=--—F (3.43)
L,.min O[R 2Lf )

nuaulNnida: nsynaululnusnsewalwifluaciudindeiwuuseiiled fAs
nszuanlanusmteinazdandunseiavinaue aun1sn (3.43) aunsatunlalunig

PANANUMLYIUILALAINUDLUNTAINTS

1 1-D
I, =V [=-=——)=0 (3.44)
L,.min o[R 2|_f )
azla
1 1-D
R/ 2kS
g, /L SO (3.45)
2f
1 | R (3.46)
2I‘min

<

31naun159 (3.44) angsavmAImINmtEhIdnNganilvinseuseAuaunge

<

nulalulmanssuaseilies Feagldmeanuwmieshnaniiaansaunisi (3.45) Insluves
- Yo v a A a A A < ' = o
aunsi (3.46) I usuiasanmANudain v zay WwensuAmumte
lngUnFn993NT0IATUDANIUNTOIATNTBWUY LC Naglursasvaunseiu i
[ Aa oA W 4 v v = I a wva 1 A Yo
Nudseandvwantvg ieshwilvkseiusiuesnadn wilunwdgofaeliaunsadenldsa
I Ao 1 v =~ v A = = Yo & N
Nulsgnivnlugunagle Wesainfistmuwnssagldiumunn Jenasdenlddunulsyand

'
o =

yawingauwaglirssasnaiuvekssrulnisueenegluseduiiveusuls dwsuns

ANUIUMANTZABNAAUYBILT IR Ul NANA 1 Ueana 1 uIsanT LA NANLFURNUS VR AT IR U

=

nzuarasfiniuUszy damandlusui 3.22 Janszualudaiulszamlaanaunisi (3.47)

<

d' PN 1 Y =3 a 1 [ 1 v
wazillanszualniilnanuduaudseaianduuin Frsaadenanfuiuyssazasay

Us2QlaganansaAuIneIn @uns (3.48)

i =i i (3.47)
Q=CV, (3.48)
av. =4Q (3.49)
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AQ fe ArAUsEaMilasuulasteny AV, Arszasnveusedulifiiaiuesni

WasuuUastions)
Agle
TAI
AV, =L (3.50)
8C
LA aunnsi (3.35) luaunisi (3.50) agldaunisit (3.51)
TV
AV, = —° (1— D)T (3.51)
8CL
wagdngUaunisludagleaunis Adas13zasnadu (ripple ratio)
AV -
1D oo
V. 8LCf

aunssrasnadudnliuanadusnidinvesszaenliiimussnssninsuonieen
FuAsaFuliiadueen Tuitnnedaanizusiulni mndesnisvilisnsiszasn
AAULs Ul BTN uRS USRI epaT (SR915E a0 NN LTSI UNSTLANTS
nsuiionsnn) annsadenladeuimede milaAaiadlng 1 dwsnnsdvide

VALAIELATE U IALNT U



unii 4
N1599NKUULALASINYAAIUANEINTUNITAINTOY
a9l

4.1 pwsaunsausaeasinigegadmiuiviuay

'
=

JUT 4.1 uanan nsaunsausesiasliingegalussuundanuaudsusenounie
fAaviuay, wsesiullalniinseuanss, 299smeuseauLaslnanauiuu nefsiuay
szyiuninilunisildsundsnuvesanlvilunassulunisuyuvesieiunazduaio

ANdalniINTzuanss  MNTUIIIATIRTUNSELARAL LT UAIIMT NderNlaYm

1 @

Avauiiadszuanaduiulas weu1denluiinealAdDO)  YarIuANIZYINIg

Uszinanauazazdsdaaluaivaunisinulsasvoussiu

<

Buck Converter

DC
GENERATOR

P R

JUN 4.1 pmsaunsanusesmasinihgeaalussuunasnuay

wind

| 2]

Ba,

oPOrm<—-uw-0ma
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4.2 1A5985199992995N9UTLAU

IRF510 L

el D1 — 0

5UN 4.2 1p5eai193995M0usEiu

JUN 4.2 uanslaseainvenmeuseaulagaunsalaindanldasidenueaniiie
nasnsavieulaluglwsaiugs Yagduseamniiddanisinunussiuliilaunnndy

= o w =

1000 TaduazqaidudndrdgyAeriianulsluguanudaindsgs laglunismeaosyld wea
winwlle IRF510 SalAfAnLIINu(Vy,) 100V Banntaanssiuiiingsaziliimasgadoiiin
PNNsNsERE Noamnazsuduuiadiiaudaindariafu 30 kHz NFIUAIUAN

msiuvessasneauszivIzuiinviweendu 2 Wunfelnun dhnssud uay
liihnszua Tushalmumiinszia nsvualwihazlvaanunassigldseing rusumieoni
uazludiivan lnafinszudliindrunieazlufuidaufulseg dnludislmnlsitihnzua
lalenazgnlusaludravih (forward bias) vilnssualiihfilvaridmileaininnsiva
ogeedosiuanslugui 4.3

drlszneUrenIousEAUToniuLUsEneume fufudsa(Cl) Wudnges

q

biuswussuneuazdeliiuissmauseau  ueamn(Mosfet:IRF510) Wugunsalainds
nszualiininginaaninusiiuniy tnsteaniuas Sudyuaintainynnivay Fain
witlgad(L) was lalen vuihilinssudlvaruluyiigunsalaingeeglulyualiinssua

Mnsewa I uln g9 Lo
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Vi =Vs-V,
;2 m -
—
I L iC l o]}
+ ¥ +
Vs C) Vo=Vs = Vo
(n)
Vi =V,
+ m -
A 8¢ 0
Iu llc J/o
+ i -
Vs (_) Vo=0 = Vo

(¥)
5UN 4.3 Inuan1svinnuyesameuseau (n) @ndiinssua (v) adadliiinssua

Tun1seanuwuusitnienindmnsuisasneuseavazldunumaslsauunasesnnas
\Weannmaslnihgadeluwnue Tngunueslsaninldiaueruadewindu 10.5
a dgj dl ¥ o 1 U a a 2
WURLLAT hag NUANTNGALVINAY 65.6 Jaawns
v v A ° | ~ o A & % a
1NN 3.6.1 NISANUINAIAIUMTENENTIAA[18] a1unsamlaanaunisn
(3.45) way (3.46) FILUNITNAADILLTANUNEINTIN 30 kHz kazlrnanAunIunIy 30

Toviu Wawnuaiasluaunisn (3.45) agla

_ (1-05)30 @.1)
2x30x10°

min
seldrmanumieniidniigauintu 0.25 mH  Ingasidentdn 2.5 mH

TA8ALMINUIUTBUIINENNTN (4.2)

L= @ 4.2)
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| | e s 1 Y -3 =
AN u ﬂqﬂ']’]QJGUQJGZJ"]USUaQLLﬂULwaﬂﬁmﬂJﬂquqﬂ‘U 8.8¥10 " | A® MINUYNIVBILLNUGUAT) A

=

a A Y A ~ °
AD WUNNRUINAYDILNULUAT) L ADATAINULRUEIUN
d' P 1 ¥ o a o <3 [ a v
1NFUNIN (4.2) LﬂJE]LL‘VI‘NF’Y]‘D31@%’11&’31&58UV|WULW‘L!L‘VI@ﬂL‘VI’]ﬂ‘U 22 59U TuuWive

20N UUTASTUTDULNUMANINAY 30 U

Y

IAgUNAI9IINTBIAMUAAINIUNTDIAINTOWUU LC Nagluiasnousenu i

[ Aa oA o L% Y a I a wa 1 I~ Y
LﬂU‘UiSﬂ‘VIiJ‘UU']@I‘VIQJ} WasnwliusInun1ueanan Lwﬂu‘vmﬂgumﬂmamﬁmaafﬂ,ﬁum

q

I aa | v = vd A = = Yo & Aa
LﬂUﬂi%ﬂVlﬂJ%u"l@IWﬁUy@J']ﬂq]lﬂ Luaqgﬂ']ﬂlliqﬂ']LLWQ@%i%WH‘WﬂJWﬂ Qﬁﬂ'ﬁﬁLﬂ@ﬂI%@'ﬂLﬂ‘UﬂigﬂqﬂﬂJ

ypwsgaukazlienszasnaduvesuswiulniindiueeneaglused uivensula dwsums

ANUIUNIANSZANAAUYDILSIAULNTIA 1L DNAINITON LA NANUFUNUSVDILTIAUNY

nszuavraILiulszy Fdlunisneaesandentdrmfiiulsyy €2 azmainaunisi (4.3)
1-D

QR (4.3)
gLr2 Ve
(o]
AdaiulsEq C2 Aidnwinidinnriiiu
\ g 1-05
8*2.5*%107% *(30*10°%)? FOLAR
21.45

oty TN o
Tnglunisvaaesazldriduiulsey C2 Wiy 10 uF

fafulsyy CL i dudniulszsgdunaiievinswiunidiseuiuesgld 1 4F

4.3 19950529V IAU AT

199305793 ULsIR U WS Ranuuutuaz1dle® INA 146 LTUI9R5VE18AMULANAIIT
~ o = ) -, v ' ) )
Tanunaduen Faluslettuysenaulume19asvensanUwanang 2 §7 lngdnsIve8uad
29IVYILANULANANFIN 1 TAWINNU 0.1 Ipgnauazsuksisulnignagyinnisannay
wseru(dividenlvinde 0-5 Madneu dawandlugui 4.4 lagAuInaInAustullneas

= a 1

YNEANLTIANGIANTaTAT 60 1ad deiuaglinauiiuniuneawdiiesreneniy

WANASLALANNISN (4.4)

V. = Ry
(0] in R R

1R T (4.4)
5=60(——"—)
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gzidenld R, wiiiu 2 kQ uaz R, wiiu 22 kQ

RSV VDINATVYIEANULANANANU TN A SIEUNTTN (4.5)

Ry,
Vour = (Vg <O x L+ % (4.5)

g1
dlounuen agld

Rgz

5=(5x01)x@1+——

Rgl

aldl Ry, whiu 18 kQ way Ry, Wiy 2 kQ

2asnsaduusstulinsslagldled INALAG Tduanslusui 4.4

JUN 4.4 293395733 UlseAulIn 5

4.4 399505 UNTSLbE

299305793 UnsZuaTioanuuuasldnisudasnszualindunssiului current  to
voltage converter) iileflazdsrlutszinanadidrumuny Jeazldled INALG 1T
ATVLILAILLANGN 1AENITODNUUUIZAUINIINNTLUATAINITVULAINSIAUGIER
N5LARN29939EdA1 0.603 A (nSzuadIIIsTauAsassudalwie1981 1A ANLAN )

Tngagldaanuaununnsehalaniuviniu 1Q  asuazgla

X g A Y o 1Y £4 - =3 " 1 ¥ o v & v 14
wnansiiluenansianulidmiumsidauenisdnwiving ldeugymlnhluldusslevdiunisa

Lidnsdilas Msdu Bnnaiudilidawadiion wazaesdnedadudnvedenaisnassiidnisluly
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V, =0.603x1=0.603 (a.6)

wazazle

Ry2
Vout = (Vin XO.l)X (1+R_

gl

Ry,
5= (0.603x 0.1)x (L+ _** a.7)

g1

dafuaglel Ry, wihiu 100 kQ way Ry, Wiy 1 kQ

5UN 4.5 29930539 3UNTELA

4.5 M3eanwUUNIMUsaEMasllinggadnsuiawiuay

4.5.1 nsausegmasinigegalaglilaseineussamiisuiuy
wasigUnTaUnaNe Ty
159 gUsEaMiigaeiinIsiseus 2 LUUABMITLSEULUUINSARULAYNISIS UL UY

lufinnsaau Tnunisiseunvuiinisasutudunisiseuninisnsiaasulaeazinng

wWiguiiguAnednauazanming degyiilasanedaniwinuagludanvanvay

X g A Y o 1Y £4 - =3 " 1 ¥ o v & v 14
wnansiiluenansianulidmiumsidauenisdnwiving ldeugymlnhluldusslevdiunisa

Lidnsdilas Msdu Bnnaiudilidawadiion wazaesdnedadudnvedenaisnassiidnisluly
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parameter

Input Data

Adjust weight

sUN 4.6 Nsi3eusIULINTSaeu

Neural Nework

Training Output

Target Output
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\eirgaialassiedmsuninnisalafslamanuunsauielanaslnigege

fPusIan 5,6 - wag 8.3 wn/Aundl axlddayanidluiln Ae wssdulwith  nszualin

AMadlui onsinsiudsuwlasvesawulii way omsinisiUasunlasnasinin uaeu

lnelgigusuinminuuuugaundu(Backpropagation:BP) &duiutayaiituidewu(training

set)  fi9IwIu 6000 Toya lnefinNmSIau 5,6ua¢8.3 WAT/AUIN (wiarAuiIauasdl

uudeyaliaiy 2000 Teya)  lngdzdlveyaniiunaeultest set) 121 Yayadmiuyn

ALLSAY

TunsasulasetneUsyamieutusiliaiuisansiulainduiulnun(node)luduy

FouduIuyiladsmnizay duiudwihnmsnaaeulagliignsinisiseuileaning rate)

44' o o o ~ Yo a = ° ) a Y A
PN LS ‘UTU"U']U'JUIWUWIUGUUSUEJULW@Iﬁl@"Uququ‘V]L‘Vill’]%all ‘fjﬂﬁlgﬂqﬁu@@@iqﬂ’]ﬁﬁﬂugﬂﬂﬂ

Wiy 0.00001 ke Tnuaesng 1 lvua Inglunisaeulassdieussamiiieuasysudiuu

YUFDUASIAY 5 1AUA FINANITNAADINILARILUATTIA 4.1
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[

A5199 4.1 IUIUTULDULALAIAURANAIATILANTU

Number of Hidden Maximum error Mean square error Average error
nodes
5 3.69 3.03x 10" 0.76
10 0.55 2.16x10° 0.18
15 1.42 5.90%10° 0.35
20 1.41 6.85x10° 0.36
25 1.47 9.83x 10" 0.41
30 1.87 121x10° 0.46
35 1.05 539%10° 0.31
40 1.50 9.13x 10" 0.40

21nA193797 4.1 wudn Sauduteuilidieufanaiatosmusaniianie
10 Tnun sethulunsneaesdadenlisuaiivunlutugeuriaiu 10 Tnua dmsulaseie
Usgamildammaaiiafinda drulasmisazssnousae Suwe 5 ua dugeu 19u Tae
Tudugouaztszneudne 10 Inunwagilsitunseduuileiduladadind uarduondnn 1
Tyun

Sethdoyanaaou(test setidruu 363 Foyamnqaudrani 121 feya) nans
naaauilafe AIANRANIAGNER (Mmaximum error) AU 1.31% A1 Mean square
Error(MSE) Wiy 5.30%10° % waganuilanainindewiiifu 0.303 %  @91nmsneaeu

a1 ¥ v

wudnlasatgnldaranisaldafleipatuddinugnaesias insizudinazindeya
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[y

wenmflenndeyaiiiunaeu lasaingdmsuaianisaidindlaeinnuianainlndideei
Toyanasu
an1Unenssunisaiusesniasliinasgalaeldlasenoszainifisuwuy
¢ o = i s Y i =~
wesirUnseuratgdunanslugun 4.7 laganerdnailaainlasaingdszaimiieuiuy
wasiunsounateturerfintefa lnedunndsenauniy wssulnin  nszualii
el dnsn1sdsuudaesseiulnih uay snsnisdsundasindlni uagasly

a s

lardunsyAuduilsnduiuuladaind
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DUTY

JUN 4.7 ap1UnenssumanusesmasinihganlaglaseigUszanniieuiuuinesigunsou

HATLTU

LHUNMUABNNMIINsealninaaalaelastneUszamiisuwuunanansly
U7l 4.8 gpmuAuagiuALTsiulaznsTadlniinnyansIadu gaeuauazthAnssTuLas
nazualihlFusunudielfduduneliiulasusssamifion amamladadiaianisal
nlassedszanmiiesaunsasualsniuaunisi @.8) - @.10)
e X; =V, 1,P,dP,dv] udunsvedlasestieyssamiiiey o V fa wsssuliin |
Aonszudlil P fle mdsluih dv fe SasinisiUdsuudasmesssiulailh dP #e $h31

AsAguLUaINSI LW

d i
S = Zw(l)i,-xi + Zb(l)iwi (4.8)
=) i1
i1
ALpEhoe L™ 49
2 =hes;) 1+exp(=s;) (4.9)
M 0
a, = ZW,EJ-Z)ZJ- + Zlq,wv (4.10)
j=1 v=1
1
Ve =0@) ="+ (4.11)

1+exp(—ay)



54

ile s; Aefleidunsedu z; Ae lWnanlaantudeu a AeANsEAUToaNIINYY

Buck
DC Generator

Duty

Hou y, Aelednnilld
Wind Turbine

Controller

A/D calculator

JUT 4.8 waunmudennisausesindsininasgealnelaseineUsgamiinuuy

LW@%L%U@?@UV@WS%U
4.5.2 nnusegiaelniigegalagdssuniunazdann(P&O)

watasuMusazdunsdumataniseaamans Iagwmadeadazldn1ssuniudiunds

1
v a1

mupuuagdunatnung annan1sideniiue [2] 3nstiiduisnisngandu wWhlalade

Hesnlidesdianudilansmaudnvusvesiivay usdegslsinudededAyvesdsnis

<

[

UAaiamsunivasidsliiigadiddliiiaan uaz n1sasefdlufasudunaunzny

! 13
QA LY LY

soamasiningegandudsddqiduiu wnasenfblydaianaineribiiianisuniaves

o w

maalninfgeduly sudidnsinisdsuresiaflyfavzdmalagnsioninuiilunisniy

seumaslihgeanuaznisundsvesmaslniiningandnme JUN4.9 uannavednsINg

Y

Wasuwlasmnloda F9inansiniswasuskuasiif lwiauiniiuluagyinlinisanusessiu

ge wivngnsnsiUasulUasimladatesiuluagyilinisnusesfisangeantiudn
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z
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o

AP
Aggy L 1 1 1 I L 1 1
rotor speed (rpm)
(M)

E

]

3

o

o

L 1 L L 1 ¥/ | I L a2

rotor speed (rpm)

()

4.9 HavessnINsiisuiUasiimlefa (n) snsinsidsunladgs (v) 8ns1N13

WasuuUad 2]
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Start

Initialize
Pold=0
Duty=30%

Measure:
V.|
Calculate:
P

w AL Pin-Pold=0

No

No

Pin-Pold>0

slope sign
Wl b o Y,
|
\

7
|

5U# 4.10 wnudanasvihuveamalinsuniuuazdung

JUN 4.10 WaiPUAURINTSYNUTBANATATUNIULAZEUNR N1TYINNUILTUAILTIAY
wanszualililn antuazinAwInmmasini TngagvinisiSeuiiguAmdsini vn
a A & o A a dh a 1A o A a dh a P
MSUREULUAMNNAY (P, > Pyg) 9zviinsiiiadifleida walilovinnsiiumanlodand?

nmswasuulasiiananas (P, <P,,) azwasuiianissuniulilulumemsedu@duav)
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Wind Turbine

Controller

Buck
DC Generator

A/D calculator

= 3 o o Y  ax o
E‘U‘Vl 4.11 LLNUﬂWWUa@ﬂ%@ﬁﬂWi@nﬂJﬁ@ﬁJﬂ"laﬂlWﬁqEﬁQ?jﬂW'JEJ'JﬁTUﬂ’JULLagaQLﬂ@]

= e o w Y aan o
EU‘W 4.11 LLﬁG’NLLNurﬂ']WUa@ﬂGU@QﬂqimqﬂiaﬂﬂanIWﬁWQQQWG’nEJ']ﬁi‘Uﬂ'J‘LJLLaSﬁQLﬂG]
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Wind Power (w) Error(%)
speed Target | MLPNN P&O MLPNN P&O
(m/s)
5 2.81 2.78 2.71 1.06 3.55
6 4.53 4.38 4.25 331 6.18
8.3 7 6.87 6.59 1.85 5.85
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AN5199 6.5 WsuwieuANA@leLAa

Wind Output duty cycle(%) MAPE(%)
speed Target MLPNN P&O with MLPNN P&O with
(m/s) step size step size
5% 5%
5 50 50.73 53.24 1.46 6.48
6 55 56.25 59.05 2.27 7.38
8.3 70 68.14 66.74 2.65 4.65
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6.7 N15NAAIN15LUSBULTIgUNISHNIUBIN1ad NN lAaInN1sANSDe
maslnigegn

UM 6.19 wanensmaasluiinanizasdilaanienainlusunsy MATLAB Lile

UumAde L UuNINIgIU (standard deviation , S.D) We#lagldIAs1E9iN13nIEA18V04

Toya FenndeuuunInsgIunlaazainisauiuenfieaInIsknIsvesindaianiisasiala

Y

=

Ul 6.19(n) uansAridslwiiiannzasiamelasaisssamiiounuuime siwunseu
yane-tu Andeauunasguiniu 0.11 U 6.19() uansdridslwihilaniigasiaieds
sumuLardunefisnMaasuudasiailufawhty 5% Aldsnuunanguiiiy 0.15

gﬂﬁ 6.20 uansnsAdaluiiniian1nzasfalagndonainlusunsy MATLAB Lile
ﬁwmmmlﬁmwummgm (standard deviation , 5.0) wiefildas3AT1esin1snszanev0s
Yoya U7 6.20n) wansArirdelnfinnanisznaiadrelassdsdszamiivunuy
wasiwunseunarsdu Andenuuunsg ueiidy 0.14 U7 6.20(0) wansarfidsladig
anmzAinfie i sunLLardunafisnnIsUdsuauasiafludaiitu 5% Andeauy
UMY 0.28

g'ﬂﬁ 6.21 wanansidsluiniianngasialaendenainlusunsy MATLAB Lile
ﬁwmmmlﬁmwummgm (standard deviation , 5.0) leflagld3as1gsinisnszaneves
foya 3UM6.21(n) wanaA1i§sliiananiiyasiidaelasanguszamiiivunuy
wesiwunsaunatsty Andonuuinaguwiaty 0.11 3U76.21(v) wansafddluldig
anmzawiaieIssuMUlardNpTisnIIN1WABuLUAsRIR lodaiify 5% Andeauy

195NN 0.2



(A
n 45 T T T T T T T T T
: MLPMM
4 Y ......................................... o Target H
T S ST P PRI S A S”D.;”QLll .................................................. P .

time(s)
5UN 6.19 Wisuiaunisundsidsliihian ey (WasseUssamiieusuy

WS UnTaunatsty (VAssUNIUkardLNaNonsIn1sUasULUaRR luLAa 5%

B ! ! ! T ! ) ' '
: - B i . : : : RALP I

=== Target [

0 10 20 30 40 a0 60 70 g0 a0 100

timafsh

JUN 6.20 Wisuisunsundsmdsinihian1izasia (Nlasseyssamiiiguwuy

WesUATOUNAETU (m)ﬁ%svmumzé’qmmﬁé’mi'}mimﬁauwaqaaﬁlmﬁa 5%

89



)] . ! ! ! ! ! ' '
: : : : : MLPMNM
?5_ ......................................................... S.D:O.ll . ...................................... ---Target H
_ 7 N VL T T L (L] ; YRR I I 1 TR % . :._
= | | (e Ir el L 1= fhy Iy I " Ty 1A LA (| v ! 197 i
= 7 Wik AT A G MRS T
z R . : A :
2 : : : : ] : : : :
65 G R EE R ............... .............. , .............. ............................ ............. \ .............. _
Bl s I PP e O P TP i
l i l i i l i l i i
0 10 20 30 40 a0 &0 70 a0 a0 100
time(s)
(1)
T T T T T T T T
: : : : : : P&0
?5_ S.D=D.20 ........................................... ---Target_
7 Lo o = __..;..__ T T - - - _._..;._
z ;
E 65 .......... IR 1] ERERRSEEERERE U (| L[ S F T S TR || TR - LN L - UL L —
£ ] I : . .
= : 1 F . : :
= : ) 4 : b : :

6 ........................... ............................ .............. ............................ .............. ........... .............. —
-4 & .............................. ............................. .............. ............... .............. .
5 | i | i i | i i i i
0 10 20 30 40 a0 B0 70 a0 a0 100
time(s)

JUN 6.21 WSsuiisunsunismdslnihianneasa (Mlesstiedssamiieuwuy

WNESIURASIUMANLTY (VATTUNIULAZAINITNORSINTSIWasULUaIRIR Lada 5%

90

M919AMTBIULNINIFIU(standard deviation , S.D)NAAINN1IMABBITUTINTUR1S199 6.5

‘ﬂ. = = 1 dl
19799 6.6 L‘UﬁEJ‘ULVIEJUﬂ’]LUEJ\‘iLU‘lJ%J’W]Sﬂ’]H

Wind Speed(m/s)

S.D

MLPNN

P&O step size 5%

0.11

0.15

0.14

0.28

8.3

0.11

0.20

a | a = ! ~ [ ‘:l' = = |
LLN‘L!Q&ILLV]\‘]L“LJiEJUL‘VI‘EJUﬂ']L‘UEJ\‘]LUU@J'W\iﬂ']U@QLLﬁ@QIUETJVI 6.22 9998LUUINNITAY

seumasgeanmelasaigUssaniieuivazianletuuansguntesniniewinnisinis

vosinluAaiiAdosdwmandluguil 6.15-6.17 ilvinisunisvesidslnihdesndy



91

3D

03

.25

02

0.15 HMLPMNN

W PRE&D

0.1 A

0.05 4

0 , wind speed{m./s)

5mys Grmys &.3m/s

5UM 6.22 ununiliUSeuig UANTgwuuNNATIY

U7 6.22 uanaunugiiiuIeuitvudndeauunnsgiu Inswnusadudndeauy
umsgrunazunuuetfunuigian Tasnsiwisdintuuansdn 5.0 vosnisnuses
idelnigeaamelasettgyssamiisn nsMuNd@eIuanidl S.D ¥8INIIAIUTOY
Adalwihgeanseidsuniuuardauns Ssazifudinsmusosmdslinihgeansislasetiie

Uszannmeuiusiinnlesuuannsgunteunia

X g A Y o 1Y £4 - =3 " 1 ¥ o v & v 14
wnansiiluenansianulidmiumsidauenisdnwiving ldeugymlnhluldusslevdiunisa

Lidnsdilas Msdu Bnnaiudilidawadiion wazaesdnedadudnvedenaisnassiidnisluly



uni 7
A3UNANITNABDILASUILEUD LY

7.1 @3Unan1Innasg

nnsauseeiasliingeaalasldisnsnduaue Ao n1sausesiaslningeganieds

¥

sunukagdunauaglasaiigysvaniioy Megeitndnauellanunsaniusesiaslnigegale

a

71980935 IAUA1UNIONTINFDUIINNTINANUFUNUSTENINAFI WA wazrad lada Fearaalniln

De

a1 [y o

lnansgeddsiulialnaifssiumdslniasannlaainanuduiusseninsidelniuaz fdm

TolAafimLSauTue

IINNINAABINIINTEAIRINThgganudl n1smusesiaslniigeansieasuniunag
daunalviainisunisesiasininnaniizasiigs Wesnnmsmusesmasiniisnieidsuniunag
dunatulinisusuidleimanasananilvmadniiionisunds Fanrsausesmaslnigean
melaseneUszamiisuuuume sunsounatstuazdvantymnisuniswesmasiniinaniig

ORI o w v ! = & ca a4 a
AwlaLlesnInnsiusesmatiniasaniiglaseiieUsganniieuiuaninsaninnisaliinlafa

TalnaLAganuAAIR kL RaMMEaunININIsaaUlATIUN8USEAMASUNLINLNESNE

[

Tumsnusesindsliihgeandeifsunmuuazdanaduindudodinistnuaaiaflsfa
sy damnfivuadiiilafasusulimuraniuagin il dnatlunsmusesidslnii
snnuazdiliiaaniufenainlunsidfuiiilefafiindgaiimnsaudagsiiliia
fdlihgegn Semsnusestadigeaadaelseyssamidsunuumosisnseunaiedy
wtwannattunsmusidsliilfidasnnlisndusestuuneiilnfaEeduiassasins

WasuwUasnIf kowpadnaae



93

7.2 YaLduBuus

1. lunseenuuulassieUszamiisumsiidiuiudeyatunisiunaeuiuinne wslylviie

ANAINURANANA

2. dyaausuniwingandudenseteantnglsasnsaaiiolilisasmivauauiisleda

AAUNTTUIIATNOULSIFURANAR

3. UL TIRULAENSERARITLENAUIRTAIUANTe Yo ueasmIvan il lmAnn sideme

INNTANINRT

4. nsmusesmadliingsanmiedssuniutazdunaasiisnsinisiasumisladailiuin

U AULUIWS 1298V AT EUUNAIUALLAANISHANATR
5. Asimnusednseidlunisigisasieliliiaudameiniu

6. lumanusesiaslnihasganisusuilasulnanninudruniutdurilvdmmlodan
winnzanasulumadunisiiulvanaudrunulmludndunniulassedszamifisniadudn
nilimadentitelinsmusesmaalnigegasiglastgUszamimeaiaiugavgulunmsaianisel

1N



94

1ONE15919D4

[1] RM Zavadil , Wind Generation System Technical Characteristic for the

NYSERDA Wind Impact Study,Knoxville,TN:EnerNex ,November 2003

[2] Abdullah M.A. | Yatim A.H.M. , Tan CW. , and Saidur R. “A review of maximum
power point tracking algorithms for wind energy system”, renewable and

Sustainable Energy Reviews 16,2012

[3] RKot , M.Rolak , and M.Malinowski “Comparison of maximum peak power
tracking algorithm for small wind turbine”, Mathamatical and Computer in

simulation 91 29-40, 2013

[4] Chiung Hsinh Chen , Chih-Ming Hong , and Fu-Sheng Cheng “Intelligent speed
sensorless maximum power point tracking control for wind generation system”,

Electrical power and Energy systems 42,2012.

[5] Chun-Yao Lee , Po-Hung Chen , and Yi-Xing Shen “Maximum power point
tracking(MPPT) system of small wind power generator using RBFNN approach”,

Expert Systems with Applications 38,2011.

[6] Soheil Ganhefar , Ali Akbar Ghassemi , and Mohamad Mehdi Ahmadi “Improving
efficiency of two-type maximum power point tracking methods of tip-speed
ratio and optimum torque in wind turbine system using a quantum neural

network”, Energy 67 , 2014
[7] Dr.Horizon Gitano-Briggs ,Small wind turbine power controller, Malaysia: Intech

[8] Kidwind science snack,Understanding coefficient of power and Betz Limit

,Minneapolis : Kidwind Project

[9] AugIAINTIUAIAnsanIudunAlulagnszaaunaLIRUNNITaInNTeys,2014,

wa o

lasevrguszamiisudsufuadmsuauiainssului



95

1'% =Y 1
1ONE1521999(FD)
[10] Pham, D.T.,and X Liu, Neural Networks for Identification Prediction and

Control Springer Verlag,London,1995

[11] Park,J.,and | Sandberge,Universal “Approximation Using Radial-Basis-Function

Network,Neural Computation”,Vol.3,246-257

[12] Heikki N. Koivo,NEURAL NETWORKS: Basics using MATLAB Neural Network

toolbox, February 1,2008

[13] ATUARUINAIUNUNAUNULAZBUS NENFINU NTENTNNGNIY, 2015, ATBN1 TN

wazN1TaINUAIUaUNAA AN

[14] P.SIBL,S.ALLWYN JONES,and P.SIDDARTH“ANALYSIS OF DIFFERENT ACTIVATION
FUCTIONS USING BACKPROPAGATION NEURAL NETWORKS” journal of Theoretical

and Applied information technology ,vol. 47,no.3

[15] Kelvin Gurney,AN INTRODUCTION TO NEURAL NETWORKS” England, London

:UCL Press Limited
[16] sHudy AdNAUIAN ,NISMIANKIIZENTIFA, DTN NUINUAT: AN AUNSTIUANERNS, 2543

[17] 9fAT gUas, 83a0T MU wazanly, “n1sanusesmadliinasandmiuivivauuuia
WWn” Ineninusdanssumansiudia a1advdenssuliin,aardumalulagnszaausnan

RIAUNITAIANTEUY,2556

v A g0 o

[18]  Fsziwwg Tuku uaz dina 515135595, Biannselindninaa(Power  Electronics),

ﬂgmmwuwmmﬁ.m.W%uaq,2554

[19] Ehsanolah Assareh , Mojtaba Biglari “A novel approach to capture the
maximum power from variable speed wind turbines using Pl controller, RBF
neural network and GSA evolutionary algorithm”Renewable and Sustainable

Energy Reviews 51(2015),pp.1023-1037



96

[20] Yacine Daili, Jean-Pual Gaubert, Lazhar Rahmani “Implementation of new
maximum power point tracking control for small wind energy conversion system
without mechanical sensors” Energy conversion and Management 97(2015),

PP.2980-306



97

&,
3"?;- v _A™Ns
Pagnant

X o = 2 o [ v A = 3 1 2 o v L83 1%
wnansihuenarsianulidwiunisldanuienisfnyivintu leugislmhlulduselosiaunisim

lidnsdllas visdu Bnnsnudlvdaudadilen uagdesandsisinvesenasnnaseiiinisunluly



»
L
il

mmq*-

JUNE 8-10, 2016

Conference Proceedings

ICEAS

The International Conference on
Engineering and Applied Sciences

Lz A v o o Y] = = " I v o by 4
enansiiluenarsianulidmsumsldnuienisdnwivintu lieygnlmilulyys

lunnsallas Mdu dnvisinuilliaauUadiilon) LarApio198901voena



99

ICEAS- 10993
Maximum power point tracking for wind turbine using MLPNN
implementation without mechanical sensor

Piyangkun Kukutapan®*, Siridech Boonsang®
Department of Electrical Engineer, Faculty of Engineering King Mongkut’s Institute of
Technology Ladkrabang, Bangkok 10520, Thailand.
2cheekpyk@gmail.com; "kksiride@kmitl.ac.th

Abstract

The article proposes maximum power point tracking without mechanical sensor using Multilayer
Perceptron Neural Network (MLPNN). The aim of article is to reduce the cost and complexity
but still retain efficiency. The experimental is that duty cycle is generated maximum power, if it
has suitable qualification. The measured data from DC generator, voltage (V), current (1), power
(P), turnover rate of power (dP), and turnover rate of voltage (dV) are used as input for MLPNN
model. The output of this model is duty cycle for driving the converter. The experiment
implemented using Arduino Uno board. This diagram is compared to MPPT using MLPNN and
P&O control (Perturbation and Observation control). The experimental results show that the
proposed MLPNN based approach is mare efficiency than P&O algorithm for this application.

Keywords: Maximum power point tracking, Multilayer perceptron neural network, Optimal duty
cycle, DC generator

1. Background
Renewable energy has grown enormous. The wind energy conversion system is decade as one of
renewable energy sources due to high cost and environment impact from the current energy
source. Wind energy is one choice because it is no pollution and inexhaustible.

In wind energy system, wind turbine converts wind energy to mechanical energy then it runs a
generator to create electrical energy. Power from turbine depends on wind velocity and pitch
angle [1]. To take advantage of wind turbine characteristic, Maximum power point tracking is
necessary variable to obtain maximum power.

In recent year, Maximum Power Point Tracking(MPPT) algorithms [2] such as Optimal torque
control (OTC), Perturb and Observe (P&O) and Incremental method [3] have been proposed.
The advantage of OTC and P&O are high efficiency and simplicity respectively.

Main drawbacks of P&O algorithm are low efficiency and difficulty in determining step size of
duty-cycle. ‘However;,. .maximum .power -point tracking .using imultilayer: perceptron neural
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network (MLPNN) can overcome these problems by optimize efficiency and reduce step size
determining.

A mechanical sensor is necessary for maximum power point tracking using artificial neural
network to optimize efficiency at each wind velocity [4]. A mechanical sensor with neural
network is used in [5], [6]. The preceding MPPTs have to know the wind velocity and rotor
speed that increase complexity and cost.

This article presents Maximum power point tracking using multilayer perceptron neural network
(MLPNN) to predict optimal duty cycle without mechanical sensor. The objective of article is to
simplify, reduce cost and optimize efficiency of output power. Maximum power point tracking
using MLPNN was implemented using Arduino to drive dc converter. The performance of article
was compared with P&O algorithm in wind tunnel with height of 0.6 m width of 0.6 m, length of
1.6 m, and 0.785 m? cross Section area

2. -Wind Turbine System Overview
In wind power system, wind power is converted into shaft power by wind turbine, and the shaft
power is converted into electrical power. The structure of wind turbine system is given in Fig. 1.
Wind turbine system consist of wind turbine, dc generator, buck converter, and resistive load.

Buck Converter

oc
GENERATOR

'

Fig. 1: Structure of wind power system

OO Me — W —wmo

The output power of wind turbine is a function of wind velocity cubed described by (1).

1 3 ,
Pin == ptV/ C, (2. B) o
where P is power (watt) p is air density (kg/m?) R is radius of wind turbine (m) »

is wind speed (m/s), ¢, is power coefficient and A is rotor swept area (m?*) [7], [8].

In the experiment, initial duty cycle was 0%. and duty cycle was in each round. The output
power in each round is recorded for analyzing the relation between power and duty cycle. The
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experimental results found that each wind speed corresponds to one optimal duty cycle which
generates the maximum output power.

Fig. 2 shows that, optimal duty cycle are 50, 55 and 70 percents, and maximum output power are
2.81, 4.53 and 7 watt at wind speed 5 (black line with circle), 6 (blue dash line) and 8.3 (red solid
line) m/s respectively.

T T T T
ar : : —&—wind speed 5 mis
===vwind spead & m's
——wnd speed 8.3 mfs

1 1 1 1 | 1
0 B 70 &0 1] 100
dity(%)

Fig. 2: Relationship between output power and duty cycle (x is duty cycle (%) and y

is output power (w))

3. Design of MPPT
3.1 Multilayer Perceptron Neural Network
Neural network is an artificial intelligent. The principle of neural network is to imitating function
of human brain, the output signal is determined by activation function [9].

Neural Network with at least hidden 1 layers is called multilayer neural network. If a network
has hidden layer more than one layer and its activation function is sigmoid it can estimate
continuous function [10].

Architecture of Maximum Power Point Tracking using MLPNN is shown in Fig. 3, in which the
predicted duty cycle can be obtained by five inputs and one output node where inputs are voltage,
current, power, turnover rate of power, and turnover rate of voltage. The output is predicted duty
cycle
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DUTY

Fig. 3: Architecture of MPPT using MLPNN without mechanical sensor

Block diagram of maximum power point tracking using MLPNN is given in Fig. 4, in which the
predicted optimal duty cycle is output from multilayer perceptron neural network used to drive
the converter. The controller receives voltage and current from the electrical sensor. Input are
calculated by controller. The predicted duty cycle from MLPNN is controlling value to drive the
buck converter. Predicted duty cycle is calculated by (2)-(5). X, =[V.I,P.dP.dV] where V is
voltage, I is current, P is power, dP is turnover rate of power and dV is turnover rate of voltage.

o4 J
55 = Zwﬂ}ﬁx { Z AR (2)
=1 =1
z.=h(s.)= : (3)
J Foardi exp(—s;)
M )
a =D WPz, + ) bw, )
i=1 =]
1
IR RN~ )
1+exp(—ay)

where s, is activate function, z, is output from hidden layer, «,is activation from

hidden layer, y, is output from MLPNN.

3.2 Perturbation and Observation Control

Perturbation and Observation control is mathematical technique. This technique is perturbing
control variable and observing target. The algorithm perturbs step size of control variable until
turnover rate of target is zero and then stop. If operation point is on the left of maximum point
(slope is positive), the controller perturbs control variable to move observing target to the right
side of operation point. On the other hand, if operation point is on the right side, the controller
moves the observing target to the left to be close to maximum point. The advantage of
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perturbation and observation technique is that it does not require knowledge of wind turbine
characteristic curve. This technique is simple and flexible. However, it fails to obtain the
maximum power point because it is difficult to choose appropriate step size. The large step size
cause fast response with large oscillation around maximum point. The small step size is more
provides efficiency but reduces the response.

Maximum power point tracking using P&O method block diagram is shown in Fig. 5. The
voltage and current signals are sent to controller to calculate the power. The target and control
variable are power and duty cycle respectively. Controller perturb control variable and observe
slope of target variable. The controller perturbs duty cycle until differential of power is zero. In

this study, control variable used step size of duty cycle 5 percent.

Wind turbine DC generator

controller
MLPNN Voltage sensor
Current sensor

Duty cycle

Fig. 4: Block diagram of Maximum power point tracking using MLPNN

Buck converter Resistive load

cantroller

( P&O ) Cfoltage sensor
Current sensor

Duty cycle

Fig. 5: Block diagram of Maximum power point tracking using P&O method

4. Experimental Results
The equipment used to track maximum power by artificial neural network without mechanical
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sensor is shown in Fig. 6 (a) control circuit with ARDUINO UNO processing that obtains current
and voltage from current and voltage sensor. INA 146 gain difference amplifier is used in current
and voltage sensors. (b) Overview of wind tunnel used in the experiment, which size 0.6 meters
of height, 0.6 meters of wide, 1.6 meter of long and 0.785 m2 cross-sectional area (c) operational
part will be used in the test. Operational part is composed of DC generator and multiple blade
wind turbine with diameter of 0.45m, blade width 10cm and 16cm in length. The experiment
took place at wind speed of 5, 6, and  8.3m/s.

The relation between output power and duty cycle is aforementioned in Fig. 2 revealing that at
wind speed 5 m/s, duty cycle the maximum power (2.81watt) is 50 percent and at wind speed 6
m/s, duty cycle the maximum power (4.53watt) is 55 percent and at wind speed 8.3m/s, duty
cycle the maximum power (7.57watt) is 70 percent. Thereby, the maximum power regarded as

the expected value are 2.81, 4.53 and 7.57 watt for the specific wind speed (5,6 and 8.3 m/s).
3 BB A

60 T T T T T T T I I
: ] : : MLPNN
= Targel

I
: : : : : : : : PO
BOL ............ ............. e B i, ............ .......... = == Target H

time(s)

Fig. 7: Experiment-ofi(a) MLPNN (b) P&O output duty:cycle at-wind speed: 5 my's
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Fig. 8: Experiment of (a) MLPNN (b) P&O output duty cycle at wind speed 6 m/s
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Fig. 9: Experiment of (a) MLPNN (b) P&O output duty cycle at wind speed 8.3 m/s

Fig. 7 represents the comparison of duty cycle between maximum power tracking with (at wind
speed 5 m/s) at steady state (a) MLPNN and (b) P&O. Targeted duty cycle at maximum power
(red dash line) is 50 percent. From Fig. 9 (a), Maximum power tracking by MLPNN (blue solid
line) provides 50.73 percent duty cycle. From Fig. 9 (b) Maximum power tracking by mean of
P&O step size 5% (blue solid line) ."provides 53.24 percent duty:.cycle.
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Fig. 8 represents the comparison of duty cycle between MLPNN and P&O at wind speed 6m/s
at steady state .Targeted duty cycle at maximum power (red dash line) is 55 percent. From Fig.
10 (a) Maximum power tracking by MLPNN (blue solid line) provides 56.25 percent duty cycle.
From Fig. 10 (b) Maximum power tracking by mean of P&O step size 5% (blue solid line)
provides 59.05 percent duty cycle

Fig. 9 represents the comparison of duty cycle between MLPNN and P&O at wind speed 8.3m/s
at steady state .Targeted duty cycle at maximum power (red dash line) is 70 percent. From Fig.
11 (a) Maximum power tracking by MLPNN (blue solid line) provides 68.14 percent duty cycle.
From Fig. 11 (b) Maximum power tracking by mean of P&O step size 5% (blue solid line)
provides 66.74 percent duty cycle. The experimental results are recorded in Table 1.

Table 1: Comparison of duty cycle

Wind Output duty cycle (%) Frror(%)
speed(m/s)
MLPNN Target P&O MLPNN P&O
5 50.73 50 53.24 0.04 6.24
6 56.25 55 59.05 0.72 10.1
35 68.14 70 66.74 2.85 8.77

‘" [;-D =015 (===

Kl

£ fMMWW

\ Avg power =2.71w |
|

time(s)

Fig. 10: Experiment of (a) MLPNN (b) P&O output power at wind speed 5 m/s
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Fig. 12: Experiment of (a) MLPNN (b) P&O output power at wind speed 8.3 m/s

Fig. 10 represents the comparison of obtained power with using maximum power point tracking
and target power. Fig. 10 at wind speed 5m/sec, Target power is equal to 2.81 watt(red dash
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. 11: Experiment of (a) MLPNN (b) P&O output power at wind speed 6 m/s
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line). From Fig. 10 (a) maximum power tracking by MLPNN (blue solid line), the power is 2.78

watt. From Fig. 10 (b) maximum power tracking by P&O at step size 5% (blue solid line), the

power is 2.71 watt.

Fig. 11 represents the comparison of obtained power with using maximum power point tracking
and target power. Fig. 11 (a) at wind speed 6 m/sec,. Target power is:equal to 4:53 watt(red dash
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line). From Fig. 11 (a) maximum power tracking by MLPNN (blue solid line) the power is 4.38
watt. From Fig. 11 (b) maximum power tracking by P&O at step size 5% (blue solid line), the
power is 4.25 watt.

Fig. represents the comparison of obtained power with using maximum power point tracking and
target power. Fig. 12 at wind speed 8.3 m/sec, Target power is equal to 7 watt(red dash line).
From Fig. 12 (a) maximum power tracking by MLPNN (blue solid line), the power is 6.87 watt.
From Fig. 12 (b) maximum power tracking by P&O at step size 5% (blue solid line), the power
is 6.59 watt. The output power from generator corresponding wind speed (5,6 and 8.3 m/s) are
recorded in Table 1l where mean square absolute error indicates the error between output and
expected output power.

According to Figs. 7-11 maximum power tracking by MLPN it can be seen that the fluctuation
of duty cycle is less, since duty cycle from control system is less fluctuate. This is different from
P&O, which fluctuation of duty cycle is higher.

As shown in Figs. 10-12 maximum power tracking by MLPN, it can be seen that the fluctuation
of power is less, since duty cycle from control system is less fluctuate. This is different from
P&O, which fluctuation of power is higher, since duty cycle from control system directly affects
the mechanical system of small wind turbine. Thus, obtained power is fluctuate leading to errors
in duty cycle. Fluctuation of power is indicated by standard deviation(S.D), S.D from MLPNN is
less because P&O step duty cycle all time

In Tables 1and2, the comparison results is shown. The results show that the proposed Maximum
power point tracking using MLPNN is supereminent.

Table 2: Comparison of Output Power

Wind Output duty cycle (%) Error(%)
speed(m/s) Without
MLPNN | Target | P&O MLPNN | P&O
MPPT
5 2.78 2.81 2.71 2.1 1.06 3.55
6 438 4.53 4.25 3.42 3.31 6.18
8.3 6.87 7 6.59 5.83 1.85 5.85

5. Conclusion
This article proposes the maximum power point tracking without mechanical sensor using
MLPNN. The  control. system with' the.‘approach' can:predicts duty:cycle. For achieving the
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maximum power, MLPNN model plays a role in generate and controlling the optimal duty cycle.
The experimental results show that the proposed approach can obtain better the optimal duty
cycle and maximum power estimation than P&O algorithm. In summary, MLPNN model
without using mechanical sensor not only reduces system cost but also it can optimize output
power for wind energy conversion system.
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