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ABSTRACT

Generally, “perturb and observe (P&0)” technique is widely adopted in
photovoltaic (PV) system to maximize the power from photovoltaic (PV) array. In PV
grid connected system with flyback inverter, modulation index needs to be adjusted
based on the P&O algorithm. However, if the step size of modulation index (Ama) is
too high, there will be a large oscillation around the maximum power point (MPP). In
contrary, the small step size of modulation index (Ama) results in slow tracking and
small oscillation. To overcome this problem, this thesis proposes two techniques, i.e.
fuzzy control and multiple step size Incremental Conductance (INC) to adjust the Ama
to achieve both acceptable tracking time and small power oscillation. In the both
proposed technique, the change of power (AP) and the change of PV voltage (AV) are
adopted as the inputs of the proposed systems which are used to estimate the
appropriate Ama. Simulation and experimental results concern that the both
proposed techniques can perform the similar efficient power tracking in various
iradiance conditions. Although INC is more simple; however, the fuzzy system is
more flexible when other rule'needs to be included in the future aspect.
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Uszinndsilssuundnlifimdsuuasefinduuudass (stand alone solar systems) wag
szuundnlimdsnuuaseniindviindaitousyuuanuas (grid-connected solar systems)
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Storage Battery e

= a e = L3 a
FUN 2.1 sruuRGalwiTNaIuLa AinduuUBdsE [16]
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2.1.2 Ussianvauuadusseving

waduasofindfimuuayldaulutiagtutu unuimaaiainsg siicon
Wuswiliinnifususivassulanseninesndiau lasdiiusouin wu nemumnena
fudng dnuiFarewdudulsynaundng Sude [usmathununemdeld (Mstunyild
Uigvdldanlel seefimalauadlindsy suufedesdanlisan) darowduingauildun
Tugmamnssuansisimirlutegty Sufenlsindundainarsvosgramnssuasiiien
NIUTALADS, Lod (Integrated Circuit : IC) Wagl1997L0aL08d (Large Scale Integration :
Ls) Tnsdnilngjudainasandaneuisau Sddunsuineduaserfinddu Tunivesingau

lafignavnysusesivegud Insiaduateriindivhandareunimulassainsld 3 wuude

2.1.2.1 wadwaseindvlandnifedanoy (Single crystalline silicon solar
cell : c-Si) M?aﬁi’ﬁ’ﬂﬁu’lu%a Monocrystalline Silicon Solar Cell &nwuzidunkuTanau
wdwazurann daneudusgifinniigslulanyiavis aunsongalianiuiazvsie Tag
fouldsmdanoulusugnamnssudidnnsaing 1w Mvimsudawmes 1od uaviwad
waonfing melulad c-Si WWiuanudeuuaglduiuegaunsnas dosldoulufiufiianey
Tud  Tuftufwun il dundn
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JUN 2.3 Wwadumariindivinamnadrourdandnines [17]

2.1.2.2 wanuasa1dindydnanIwadanau (Polycrystalline silicon solar cell:
p-5i) waauaseninduuunanlndlagnianndu iewddymisuyugessuuundniie,
FaroulnviTliaadunulimnitfisievay 10 adnalsfionu meada p-Si lWunnudeuuasly

IUDY NS WAL UTY

d L3 = L3 = =
FUN 2.4 waduasofing wuundning [18]

2.1.2.3 waduaserindvinlanunsezuesiadanau (amorphous silicon
solar cell: a-Si) dnwazifuflduurafios 0.5 luasou (0.0005 1a.) UAMTALUALIN wax
UszAvSnmidtes 5-10% Jumeluladilismdaneuduiu uwieglldundn winavesansey
wosilassyilnAnduilduu1swesdaneu deflauursUszana 300 uilwans vinlils

audeailodan uwiinuun nsudsvinlade uavdofives a-si ldiAnuafiuviudauindau 4
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1.-n type Fanou %!aagjﬁﬂwﬁwamaé fo ansfednhiilgnisiautadheans
voavesa fnuandRduslrbidnssaulefundsainuaiefing n type Jaaey foans
Rasiitlinistautiseansiusau imbilassadwweseznengmidudidnasou (oa) 1oy
Wi Mnuaseindemthilushiudidnaseu iWedhdaaeu 2 viin sUsenuseiy
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=4 2/ 4

wdntey Auntnved n type azdiuaulanziSendi Front Electrode viawtinildudasu

= 1

BLANAIBU @7U p type FAADUTIOUAMUNAIRLAT Laseadndingidulea uidimd
Bidnmsoulsuutabnties fundsves p type Faneuaziinaulanzi3unin Back Electrode
vimthidussusulea

o

2. \flefuaeindannsznu uaerfindavdeymdsnulifusidnaseunasisa
WlARansindeuln Wendgmerididnaseunasleansindmiiledudiu Sidnmseuss
AU n type warloaasisludeu p type

3. 3idnaseudelusoufudl Front Electrode uazlaadielusiufudl Back
Electrode \afinssarasiniiaan Front Electrode wag Back Elec trode Winsu1das fae

Wianszualnihiy Wesnididnaseuuaslaaszdufiodugiu
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2.2.2 mifwnumAanumisnhulvinvesilioudasenudgs [21]
Amusiiiaiasesesaeudedunesinesde 100 Tad WoRinrsandulgugiiazld

AUNTUIFUANATONANANEIUAD

v, =1 dig (1) (2.3)

Wle L, A Aaunilenthuldnén (., wiodsuduilaiduveanszualdfe

- | ’ (2.9)
dep — on
Lm

¢ AYMIaT on VasaIng

) Ton

g i, , AeFnszuageganvnulsugizemtontas

elfauns

Vdc (25)
la’c,p = "-L—fd

.

o
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e d=-2 58 ¢ Aefl damaldsuudasseiuty, 7 femunailunisaing way
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£, AeAudn1saing
Wolguanns i, lilaiduguaduland
lge p =" 4 p SN O, 0 €0, 7] (2.6)

Tagdian 9nsinslasuwlasseauduiUdsullasmuian

d(t)=d ,sin ot (2.7)
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=1
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nszudliraiiios My
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u, (1) = dLé;@‘i“ (2.9)
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e nidc,p Lm - Idc,p sinmf&_ [cfc.p Lm (23‘0)
T ) n’ Viep sinot n V. n
l, =T,d(t)y=T,d,sin ot (2.11)
v r 4
f 7 =~ & YED) \ o 2dT o0 (212

om @ on,
P L P me; P

m

WaunuaNn1sh 2,12 adhuaunis 2.10 1

el O LW CoA .
me;'Vuc,p n n

wsaouduaunisludlafe

t, A _— (2.14)
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T. n

wliauns 7, fi
oy A o (2.15)
i =—dp = AN
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Ve (2.16)
v

ac,p
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= as

e ¥, Aouseiulwihnssuanssildanunsaduaseriinduas 7, Ao Auseiuliia

nIzuAdaUgdn Aalud dp agdeadimmuaunisi 2.17 eszvhawlulvuanszuall

RN

1 (2.17)
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n

)

Adslnilulnunnsvudlidedes B, =P, =P
P i Vdc]dc,avg (2 18)

dle p Ae Mawnldlumsdei, P, fie ddslwilumsdeiulussvunsanislui,

P, fie Andsliinszuanss uas 7, Re Anszualwdiadednuusunlive mifoutas
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1 Ty
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{ % W,
Idc,m’g = T_ jide (t)dt +..+ J.idc (t)dt+ Q (220)
hl| 0 (w-1T,

i = 1 o | S a a o a v &
dlow fig % logil o (Hudwiideannisdudiingm ilesinlunaiuduwesdugauesgn

5

AU Jsaunsaasisluduildannaunis 2.3, 2.7 uay 2.20 iile

ot =| 2 |o1) ~ 2 (2.21)
T e
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_ i 1,  sinot V., d_ sinot %4
ldc(rx):ﬁtx = — = = : -

x . tx = tx
lton t(m Ll-fx Llf; sin ot I‘lffTs

o 1, =t —(i-1T,i=123,.

T, ! 2
s on Voot
i, (Ddt = i, (t)dt =—&en
J'dn( ) I d(‘( 1) x [ 2

(=T, 0 1

: I LT
ty =Tid smot=T1d, sin 0il, = T,d, sin —i
w

NEUNISA 2.20 999U 2le

270 Sinzle—cos2x

1 1 sm[( w+—)—]
LTt 3 5in 2%
2w
i@ q sin(27 + %)
2 4w ;
Sin—
w
o
ISR i U
2 4w sinE 2
w

23

(2.22)

(2.23)

(2.24)

(2.25)

(2.26)
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Wounu Ambaanaunis 2.26 Tuaunis 2.25 azld

t g = j f? [ an (w z)] 4;; —% g,dV, (2.27)
Auali
g = f% (2.28)
et lunusluaunsidslndi
~Ldig, Vi (2.29)
PNAUNTTT 2.28
/1 e\ 0 (2.30)
%30
P =8V (2.31)
Toedl g Ao Apauilvih fadueemauduiusyes ? A
s
8s “lﬁ.zdz (2.32)
8. 2 -
PnaELA 2.17
(2.33)
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I
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R
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a = I o 27 wof o . 1 gS
NAUNIIN 2.33 1UDANVIUIUTDUVDIVLDUUAUNUTUDY Infinite AN (_)max
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wlemuaNn1sfe

[g_s] n> o=t (239
g‘r' max 2

FIVUIEANUNDMLANTLIUSo U ol Uaas LY LI Ne sl Araelinaeed

2.3 msuagiadu
2.3.1 msuagaduaundrewad (Pulse Width Modulation: PWM)

nsueaaduAMuNTIINed Inensihoaesdygranidisuiisuiuiazaesdaynyu

<

3
@/

AihfiAednyuin "auwden” Audygramlalunisuiumauninaeniad sndiegradu &

' kY
v o = L1

udnnalvihnszuanssanUSsuiisuiudugaauwae wiludwvadnendnusatull
araumsdggulnbiniSsudisuivdygramumasy Tagladygin PWM Aldnwas

it}

ey
Jndny

fagun 2.12

2.4 grsuadinuaziiusynaufiag
dunedweilueunsaimsdiannseindiviflunisudasuseiuluiionsyuansaly

Wuuseiuldihinseuaadu suntiuvasussduliinnssuaaduitlinndunesinestuaslyl

willoufudygialeiaieg msrzn1aviniuredueseesaeldisns WaAa A1ves

=

wsalviihnssuansivinusngishunesn smetisanduquasiinnilags Wavinisusy
swiuresussiuteentilndifeaiuliihnssuaadugulvdliuniigaiionuaasnses dslu
nsrvrumsa iy nssudaRURURenisdandienUsUunndon dadunaly
sundunsuaszuulivhiadisuse fuduluwidaiasihnsdnwesueinuazaansmues

g15uaiinsaly

2.4.1 g15uelinuazAlNiNEuaNsuating L
gnsuailin munet disznevlusurdudyanalsivieUsuinaduaulag dsiinnud
uduuduvhvesenuivdnye shegatudulsneuiinnuiiliu 2 wihvesmnuingn

yavz13un31 ensuaiind1iuil 2 (second harmonic) Wusiudstuanunsoasuldiguaiuaes

&

nszualihvdaussfulwih ilugudygaladlasauysel sxliflenuelinswegdely

s

mmsﬁﬂﬁuﬁummzuﬂwﬂm?aLmﬁ’ulw%ﬁﬁmﬁaulﬂmﬂammmhﬁ%ﬁm%maﬁﬂmuaaj

Meiane MIfinsuitguadudmgyiutiug Aadeuninuiedesluanguraudygialesd

ADININTUINAT ALBRLNEuasLaiingu (Total harmonic distortion: THD)
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AruRsLiauesuaiingau (total harmonic distortion: THD) Manede $as1day
seninAsnfiaesvemauIniddoamsnidiaedads (rms) TasaiuUsEnevesue
iin fusidsepuaisvesdlsenaunuivdnys fuanduaunsi 2.22 wag 2.23 A
THD fAtaaynuei ﬁmﬂgﬂmaﬁmaﬁﬂmmmmhimnﬂuagjﬁ’ummﬁwé’ﬂga [6]

: B (2.35)
THQ — [VH??.\‘J __1
n
— 3 (2.36)
D = [ m] 1
[l

2.4.2 wansynuvasansuaiindasyuuinglwiifidswisanisinv

anseufiAninersuedindentsliin dnansaudseenldaesuuiiefufewuussey
funazuuuszesem lasuuusvorduransynuazannsaiulddnuasiney nsinazedlugy
NSRRI R 7 e TG auluvTTezyMIgaTIvaeUlirsswuLazinazagly
FU09ANUGYLHA N UNIUNSE DUSIAULAY

waﬂiwULLUUixﬂx%uﬁnmiﬂﬁﬂﬁiuﬁﬂﬁﬁmmhqaLﬁﬂmiw?uﬁulﬁ miu‘lwaﬂﬁmuau
fheneufinmesazlromanuieuussssiulwiduiy Tuvnesfnavesensuaiin 9wl
ANuTiEInsvenaseinlihanauasuenaintutsoiliRaduaLag 019 Ts ALY

Ussgvhowiianamszussiuliihesuednesinliiinnss ualnilae suetinfuiismifu

& @

Useq Fernmnuiiieuye susaiulwiuszanm 5 - 10% o1adinavilidinssuaonsiiduiea

WiuTu 10 - 50% warusnntudenaiarusstulduiiladidnydn (dielectric) vosiauiy
UszqBnee

osusiindienaviliiAnauseiiiu (overheating) iviiouvasiniihdaswuteelunsdl
fviauvasirelnanuuulddaduduswouunn Teeilunsdifnannisiafidnuesiewlas

lrilaeluazfonnfiavindy 0.9 vasifiidinvesmdsiniising (kvA) uagdavinle

\ARnszuaiuianeimsea (neutral) Dneaey

2.5 nmsanmumdsinigegalaeisnissuniunazdaunn

nsfamwitdslviingean (Maximum Power Point Tracking: MPPT) maneila funewis
fignsandrlilugunsainunudidnuseiind Seiliunavaduasorindanunsondaidalnih
Uiléigegm (Maximum Power) fatirndslniingsgnazasundadlunmunisidsuulames
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L3

Amslimedang Wy anuduvesnasenfing gungiianiniindon uazgamaivead
wasenfind (Solar Cell Temperature) sruuRnaufdslwiganldsunisoenuuulils
wihglszananadmivinisasasuidelniviesnvesunsaduasenfindnasaan
dielildridandngeanluudazinainumeiuiduresaeindfilasy TugUvenszua
Infhuazussduliin seduneuiBuosmsiamuidiinihgean fegvilildmglnitunn
U mnATRABUNUT munmisgavilildgamdsliingean Tneviinisdegarauiuld

@ o | ' [~ i
gesiumaimainasilulegeansoly

»-\/

= 27 2 as e VA
3UN 2.13 idulAsnszua - useau gaininaslnidageen

2.5.1 TUpaUUaIsNISTUNIULaEENe (Perturbation and Observation: P&O)

BstduiEaheusslifudoulasdnuaznisdneiddliy o nalietu P k)
AW L, (k)x V(&) dundieudiesuiuiddliinewnth Py, k-1) &
nsmsildeumasiwiih i iuTuns e tesatssuuas S Ui o WS US98 N SR

msiisuntasasidsiminlrsamnsaagulasnisig

a = P a P o w a o
A1919% 2.1 1WIguigunenan1ssumunsilasunlasinaaliin wasvianisessield

ANI9NITIUNIY mawdsuudasidduih | fiemsnissuniundadely
UM UM U
Vel au au
au Uan au
au au Vel




Decrease
Op

Operating Voliage

P, =CurreniPower

Py: = Previous Power

3UM 2.14 Flow Chart dnwagnmsinnumdslvihgesauuusuniusazdana

2.6 msAamumaslningegalaeiSiiiuaA1autn (incremental Conductance)

FBnsiiimenA it inenasmma T iuvesns i iih-usediuvedlugaiwed
udse1indangun 2.8 seazlinauduiusresdnsnisilasunasidslwiindesnsing
WasuwUasusssiudu aunsdi (2.37)

$ELLI ) Yoy o KU
av.— dv dv

(2.34)
fignineidsinhgsanazdnnudusiatunud defuasFaunisd
dl dl ! (2.35
I+V —=0—>— — )
dv av v

o 74 [
ATRUALA —

e =

LER17Ing

=

= ' o & o & 1 9] = ° &
AerAth T NeRRUAE TS, —~ m5IN1sasuLUaIrNLURas
suuaElRAMUFUNUSIINANNITT (2.35)

Figil
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- = > — o Autuuuinuaasigminuegn eyt evesgadnemdaliingege
dI o

v I
S8 o < T ANUTUL
ar 14

Tuauuamsiagavineegmainunesedemdliigean
v d-[ s [=* L3 = o |d‘. 1 .
— = —— muuduguBLanDigavinuei
vV v : .

nemdsininzsge
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® i - .
| ar _
i ] : dv
1
" Left i 1
b ! Right _
= |
o oser | -
: :
ik " | |
i 2 >0 | ﬂ <0
dav . dr
3 | 4
|
wh | i
|
|

g 2 & & g 19 2 14 1% 18 o0

Voltage v

JUT 2.15 winnnsfiugiureavaiiantsifinAianuhuunsi Py

anwaznsYNureRItUasuwWaIm AN s ounua Vpp (K),Vey (k-1), Ipy (k)
waz Ipy (k-1) Wielinsssinasudsnisvianldnagui 2,16

Decrease

Increase
Operating Voltage

Decrease

Increase
Operating Voltage

{

OperatingVoltage

Operating Voltage |

d s = o o nl 1 k-]
JUM 2.16 Flow Chart dnwnugmsannuiasiiiigeaauuunsiiuaianuh

Tefvesiinissuniunaznisdunn (PRO) Mlddluansasi dndeideforsina
Anmanalunismanineidsgeaaidiefinanensivisuamdming uaiansunies
usaudnBefigasneindagean dumeiaisiiurianuih (INO fo #U15AMYANLAE
guaaldidlefinanmensidsuasegusings uikeniudiuiuneunsinadiuiy
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2.7 Nu%aadn (fuzzy logic)

HeTa0dn (fuzzy logic) AansFunsAwIndidiiunumunaululsnsided
reNmes uwagligniluuszendldlusiusng 4 uanune 1wy dunisuwnd funismms
fugsie shugramnssy udu farusndueredaiiindnvdtmnssunoufiomes
InennseeuRanes uasmaluladansaume msegldnwiiiovanudlalumandiled
aednuazlaseteyszamiionliands sdifothlussgnfldaususieg fetufuesdd
AuAaInssEUURRNiaees Aidanuaiunsalunsuiuldsuszuulalaesaluifn
anmwadeniwdeuly fnsdndulanuumgaamdsayudliuiniy Fauywdanunsn
willgyang 4 Aliwenulilasedomufinildizoudivssgndlunisufidgmidoded

UseaNaan

2.7.1 S¥UUnd
Wuszuumursuiwasiviaulasadefiedasinfifnaulae L. A. Zadeh Tl a.a.

1965 FalunasmAveninusserusganen fledasiniunssaziioguuiugiuanuiy

U

[
@

259 nnawulanuianuduesddlifiansddanuudueumingu udiivansdaany

=

wansaifiintusesliifisuasliiuiuey (uncertain) 919idudsinquIA3a (fuzzy) Taild
FaLau (exact) sndnod 19U lwavesegau 91auvady Janaan Jewin Jusu Tunanay
wazdors siiuldhluldazdnemauldammnsayldudndfameniuie Wnuenaindu
widngla SumsnatagnAudnueigsening 0 8t 1Y uneus1afinuitionsneg
Tuthseng 0 s 2 ¥ Twviusudientu TafnuasTusu Aldannsassylidaiauitiseves
p1gaasazaglutala enfiaudredndeneedludae 1 fs 12 ¥ vieonadu 2 84 10 ¥
usu devandusodwesruliiiuou Sadudnuvaemassaurdfiiatuill waves
mgnsaifliviventudGeniiitedian (fuzzy sed

PALIAMNAAYDY. Zadeh | tAgafumnbintuouldinisversuusdaitonily
Uszgndldlumusineg unaneamivlddu Widniduleanfunguiasuiuuufafuaui
Tiledwnlassulunnisrenfiunes faddiedwnazidiauesnausiudfuudussing
audmildliiludszyndlfednensadiludaed 4 uivssmaduuiduiuquarvesmans

sndladugunidniledigamenisdn Tngldhluussgndliluedadddiniunung

[

iwseeUTueIme Tesdndn wlionsdn uavduq Bnuinune TugadeqUuuseineanss-

*3
8

susmldluanudrdyivmanstuniu Taglifinsvusudssunaldfunsiseninty
wariedandngnihluuszyndldeudigg uinune dregrudu lulassnisaanis NASA uay

TASINIIAUANTNTTS
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2.7.2 wwAauguneaiunedasin
= 5 I P A o v A o o
AIINELUUTYd (fuzzy logic) waTesdienitislunsdndulanisluldmuldudueu
vostayalnooenlifianudavguls [indninanafindensideunuuiBanuAnfidudeauses
uywd Hedasindidnuusiifiaunidinssnsuuuaiuiia (Boolean logic) ilunwiAaiiinisde
vengludiueannaie (partial true) lasArmruaiazegludiasswinende (completely
true) fiutfia (completely false) dqumssnenamsifuaziiidusssiuiawhiy wanafegui

2.15

Completely True Completely Trae

Partial True

Completely False [rr

Completely False

yauanin faTaein
JUT 217 AsInuuUIsUTa (Uiusedn) fusssnzuuviied (ledaadin)

muduited (fuzziness) #3oi3ni1 Fafnaud (multivalance) Fssidfianuiy
anBnuInng 2 A1 kazuanseiulunand (bivalance) Adaamsdusndniiies 2 i1 ed
1, (Fuzzy set) 1iuindosdlevnsndnaransiaeis “arnulawiuay (uncertainty)” a1ansad
Taflaf 1l 2 nsdl Famndwmuads aufidaufenuiiddmidnunnndt 75 Alansy reufinnes
wliinadauiithinin 7450 Alansu lidaiduauitea zaftuazimuazliuy
(modeling) wasdnwauzaliutusuilBuniwaguiado arulinieda sawdinnuen
doyauediu Inevguivesiledigmslidhuazanmanedus (inguistic) 1anniuTuia
(quantitative) YesfIUs (TU N1IMIANEIVANEYeY “Aufisnu” aldawnsadionuAininy
Sruiimsafunazszydunilndier Gidentical) dwduauidan we n. alirumneyes
“Audn” nelseuiiiiminuannt 70 Alansu wie 2. Wanumneinduauishin
wnnd 75 Alandu feisansaudauansnrmanevesirinauiidulneioufiounasiu
LR PR QLY Tumsvinilugusesuugnuges Binary sense) agldna
Ju 18 vie wisiiviyeraiifuaududhminieuss 75 flandy uasis uiiyaradayd
shmiin 75 Alansy wivnfinnsanannguauiithiwcneds 90 Alanty yaraiiiazlidnog
Tungueufigtu uandlvifiud, mmdnldladdnuazanuliuiyeuwuugy nnnsinm
Heynwiag Taguansdaguuuudnuauzmsnszaneueslym

3UN 217 Wumsuaadiduiunmdunisingulaveddigviianuaiifissdutiosd
2 a A u

Wudiwiueu (certainty) dafadanlluwiusudwsenaumennuliwiuounidnwes
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uugu wasanuliudueunfdnvusiduiled vionquiade Fadunninfosar 40 s

Tymdnenninerdesiunsdindulavemysidwsindulamuiusuaufsuesnudundn

sUT 2.18 Anulaiiiiuey (uncertainty)

Hedzaiitnuadnmeansiuansdinnuagueie amuiwdusuresssuuiitieades
AuANARALEANYRILYEE BRI TaNdIudsEnaun q Tumauldudusuiiiodvun
weulvlunisdnduls (Decision making) Tewerduiwauasauldibuanidn  (Set

membership)

5 =
2.7.3 Tassaf1enuguvesnisussananawuuladasin

2 X o = L 1 A o w 1 s 3 o o
lessadneitug uvesnsyszananauuuied SsUsznausmedandidfiy 4 dwdad fagui
2.17
]
i i i
¢ i P i
: Knowledge ;
I ) ¢ ; i
, , . SR '
¥ §
; Rule base | Database i
r i
: 1
' u & < 1
L ‘ 1
. | -
Crisp ‘ i Crisp

C;} Fuzzificati Inference
: " Fuzzy Fuzzy

B e s o i e 0 W, S W o

Beﬁlzziﬁéé. ::,i}

o 1 a
JUN 2.19 lassadwiiugiuvesnisUszananawuuied

drwdinlainsdunamludsulunisdunauuududsited (Fuzzfication) n3alu
sunuueaiedvIaisanindusuusme (Linguistic Variable)
g3 (Knowledge base) Wudwidnifiusiusindeyalunismunudsznau 2

dwde 31ung) (Rule base) uarguteya (Database)
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g1unq (Rule base) duvesnsimuniSnsauny Fsliangdmmaluguuuuves
yadayauuungueanIw (Linguistic rule)

g1ufeya (Database) \HunsinwSeudruiidnduieiozliluntsimuangns
AAUAN UayMITnN1sloyavesnsinmansied

\AS0seIUMSaMISARL (Inference Engine) iudnudivhmihiasiaaeudeifianss
uazng eldlumsiirnumwinna wileunalnduumuaumsidamulunsutlvdym
swiamsimusBmstenisinnuiiomney

daudiuvainsiondnslviegludasinsan (Defuzzification) Wiunsinisudas

doyaieglugduuuiladlilumfiagunansernisruauszuu

2.7.4 JumApUN1SUSTNIaNaLUUNYTaIn

Tuppun1sUssuarauuuils@aainiguuuunisievudu 4 dwssudansis U 2.18

Input Output
Membersh : -
chdeﬂp 2 Inference ::} Fuzzification Q Defuzzification

‘%iﬁ#imf?i/ Qjmnm 2 m;ﬁm;?y 11;;%:»;1;3;4/’

JUN 2.20 TumaunisUsziianauuuiledaedn

Tupeui 1 Wunisuuasnsdunawuunidenasudunnsdunauuuiu silad Tng
sgaieflaidunruiduamndn leglisndudesdidnvasifeny Tuiuaudnvuyvousiay
Msdunm (Input) wazAmEALianIsewNe (Output) fiaulaleeilsiduasiidnvusdy

msivuamwandsy ielituitednisdune fguin 2,19

Input
Membership

Crisp Membership Fuzzy
Input Vanable Fancting Input

5UM 2.21 Tumeui 1 veInsuszananauuuie@asin
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Tunaud 2 WHunsaiemnudiiudseninnmsdunaionuniiisdesiuiendwai
ofandnnIsreINTInIALaTKE 8193zas M siAvdeya n1smenisalannisindulages
uywd vierannismeaes Tnedeudungmsauaussuy Ssezddnvuzegluguuuy &
() uaz (And) ¥3o (On) Fadummanfy dingivueuUsvananasauiy Wonism
dindulafivungan dagui 2.20

Rules

il
g T 3 AR T
Puzzy—N pference [—F U220
Input—] == Input

SUN 2.22 Tumeoui 2 veansussaianauuuiledasin

& =l = = < o o v & < =i
Tumoui 3 Wunsinfladiendne Taenisdingnisauguinasstu luduneud 2 i

Ussinanaiufle@Bunn Tagldismsnsadamans iethiildussanana figui 2.21

Rules

11

Fuzzy ~TT1 Fuzzw
Iﬁ}plﬂ’,: 1/ Fuzzification , >Ou:pm

JU# 2.23 Jupeui 3 veansUsynlananuuiedasdn

Bnindudiagaeie (Fuzzfication) {duisnisnidenldlunisimuwiveua

W@only Max-Min method tag Max-Dot method

Tupaudl 4 nssurunsife@indulunisvheiledliduafldnuad 3958nslunisudas
frannsnyilivaeds wilunisauruilidenlddinisudasrfladidumviediaugs
(Height Defuzzification) tilsanidudsidelunisld dwmsuisnisudasdfledidumasedne

Amge aileg m ng TaganunsameAeedinalilagldaunsi (2.37)

Z km:]c(k)x "

n (2.37)
Z k=1 "k

du =



35

e du  fle MmIaGeuulasvaanismunueyivg
c(k) Ao MgaanvasAazBuNm uas
Wi #e anugesveangi k

Mathematic
Process
[
1
SN
Fuzzy m‘"ﬁf":/) Defuzzification ”:Mw:w:fj} Crisp

= 1] o = a
gﬂw 2.24 Jumaaudl 4 999n15UsEIIaKNaLUUNY TN

2.8 lulasmaulvisaiaes

Lulaseoulnsataed fe MmuaunsvhauueseynseiSevuiumsaneg (Ju gunsal
Usziananshsdainfisausanitaidunisiinudieg Bnolusheessiues fuunidn uwas
annsadeulusunsumugunisinaueesaUnaliieg  Mldeudefusiiy Tneiuay
auysainmeluivesiueaasiedensihllisuvieudlednuuas
Tessasalaevidluveslilpsroulnsaiaasiiu ennsaudseansnliidy 5 dulngjq fwioluil

1. vaheUssanananalsviadiy (CPU: Central Processing Unit)

= as

' ° 1 | 1 o A v o
2. wheaus (Memory) ansnsawtiesnidu 2 d1u Ao miieanusaglidimsy

< ] = = TS 1 - a cU s &
Wulusunsuman (Program Memory) Winulailouginfanvoundosnauiiimesiilis Ao

2

Toyaln igmAvlilutagligymeluuilifilmaes SndsumisAemianusrdoya (Data

'
as

Memory) lHiumileunnszaumalunisdunamesdfy wazduitindeyatnsnvue
v wivnldillides  doyafesmelpgresumiasanususa RaV) luindes
paufamesiag U undwiululasaoulnsaeeiaislnd mibearuideyassiiieiidy
wiheanususy dedeyadzmsluiioluidivifes wesdudinsen(EEPROM : Erasable
Electrically Read-Only Memory) ?faaﬁmiaLﬁU%’ayjalﬁLLﬂa\imWLgm

1o €

3. dwinraiugunsalneuen wianesn (Port) i 2 Anvavfie wosndune (nput

Port) wazweindsdygruvienesaiandwn (Output Port) d@uilazldlunisiBoureriy

@
]

gunsalmeuen foindudwiidfiyann swfussuimeindunn esudyniu 919es
fhomsnaaind et luussnanauazdslunasnandng ieuanwaitu n1snainewes
viaanln sy

4. fpaaLALTeIdy LM wieUd (BUS) ﬁmﬁumaﬂmmﬂLﬂﬁaué’fy,fmm%’a;ga

sendn @iy wihoaudwaswedn Dudnvusresaednygiu Sunuunegaaludn
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lulasmoulnsaaes lnsuvadudadeya (Data Bus) Yauemnsa (Address Bus) wazla
AuAN (Control Bus)

5. Wasniedyinuniin duidudwdseneufidrdunndndrunils eaainnig

3
=% 1 e

WnudiAntuluimlulasreulnsases astuegiunisimundany mndgyqraundinid

Audigs Savzmevhauiavaunsaibitudwalilulaseoulnsaaesiiu faudly
myUssananagenulusig
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N15eanLUUKkasasIsyanIuANIsIsHAteLdaduLIaSADS

3.1 Taseadavassasnanenlnduiosinos

S

PV Module DI secl L
s % >y
L
L ’ /. —‘
P

D2
SsecZ

JUN 3.1 Iassadvaninswaeniaduiesines

NN3UT 3.1 simsesnuuuaaesangudabuitefmesuazyaaiuny Jeilnead
uaseniindyimi i duuvadngussdulnpss Tnsfinesmsaadunssuauazusadu dandily
Nnungaduaseniing irlilasaeulnsalnesiieysyinananumssuyasoundondy
fiSnea (ADC) Taapanean vosiililasrovlnsaians Imﬂﬁ@mwmﬁlﬁgnﬁ’lmmuaumi
vheuwenaesiasuirduesinesiamununssiaasissiuraaunagaduasefing ids
Maliihgeuaaingszuunaeaina ddlaindusamnindiigniviedygaiadinuegia
U (PWM) ﬁa%"mmﬂmiﬂﬁagmwmmaﬁﬁugszﬁmmﬁ 50 1Bsnd WnUspuisuiudgyyiu
audpuiinnad 30 Alaiddnd lagldnnsusunenuagaasneiduysalifioniuaunisis
fdsliihannunasaduatefindlildmasiihasan udedvdowamatsudaniud
QﬁLﬁaﬂﬂiaﬁULLiﬁﬁui’mﬁgdLﬂUﬁ?LﬁUWﬁN’]ULmzLLHﬂﬂ?ﬂﬁ%ﬂ’ldlv\lﬁ’ﬁ%ﬁwﬁﬂauvmLLax
W0 Winm udamupumsaindve IGBT miumfegll ieadsdygrameififiusafugedu

WaLdAURWINAU 50 1B5ed uaranadnnulnand I nsuITIna DY
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3.2 nseanuunsasHateuladunasinefuuuauanRe IS MsfladuasnisiinAiaui

= 1e-00
pawergui
W =
Ioutput
=
£, =
3.
1 " Voutpul
1 g 5
Multi-Winding
Transformert

MPPT Fuzzy & INC Zone

FUZZY CONTROL
% INC METHOD

pe "
Sawiootr

P~ = L3 calal o o w = P 1 o
JUT 3.2 2aaslansudmduiesieesnilidnuidilwihgweauuuiieduaznsifivAainuth

wuulgraNdueInT I PV eanwuvuulusunsa MATLAB/simulink
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PV Module { {
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TRANSFORMER

ulitity voltage
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3.3.4 2925%ULn® (Gate Drive Control)
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3.3.5 29935U52791781 (Dead Time Circuit)
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3.3.8 299390 (Multiplier 1C)
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() HURNIINT (3) 2995939

3.3.9 299515293UNTEUE (Current sensor)
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3.3.10 299305299ULs9AUlHASS (DC Voltage sensor)
sanuuulasldled LM 741CN Tneldnissanuuisasvensanuuanag sady
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R
Vo Tf(V] ~7;) (3.11)
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3.4.2 szuunismnsesnalnirgeganleisnisinuatanuilaelddrdnsinis
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vihnuegiigadneidiluihgeae uidliuifuguiasinsifuvieanussiuliies
waduatefing Judug sunseagavinendadnggadiedddlniingean Asifidedde
auaansalunsmgadtemasiniihgsgeldedrsgnioadiainnisiudsunvasaiandy
Lawofindeseviuiiviula wifinmsdunndidudeu Wnatlunsdumenn wesidatymnis
undsvesrnddliihiigasneiddlaiingegeluanizasduiiofosnisaniaatlunismandng
frdalnihgegaliidosas  33ddsmadiniansaduussiulnfiuanszualniivesivad
uERTndAEITUIE MIsunauLazdans

v

Measure Vo and I, Find
Calculate — Po= 1%V, R / |APLIAY 4]

Get slope

Yes No Vi J No

h 4

ma = ma-Ama ma= ma+Am;I ma = ma-Ama ma = ma+Ama

SUN 3.17 wauefan1svineu (Flow chart) seswmalamsfivmanuiingldmsnsinis

U

P & A =3 1 s - .
WaguNaIUBURNLANAINAY (Multiple step size Incremental conductance)
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ludwresddasinisidsunegaduduin (Ama) erdeudnnisvesroysius
goardalwivesniieuiuussiulwihwenaduasefing Tngtharanuduiiliundends
(Ama) mﬂmswﬁgﬂﬂ"mumfiuﬂgmaﬁ%mmﬁm"Im'mﬁﬂﬂal%ﬁ'lé’m‘mmimﬁauua@La%'u
duifinuansneiy (Multiple step size Incremental conductance) #am15197 3.1
uanaNtuINTIMANEN Y PV fagudt 2.15 eziuldirArmnutunsiudiouas
U liwiniy ﬁqﬁﬁmq’mia%'wfhﬁ'mﬂ’ﬂm%'@mﬁumé’mwm‘iLﬂﬁauua@m%’uﬁu
#in (Ama) Wiieliszuuanunsanusesfdsliihgeanldsndusuanduaunisi 3.12
hae 3.13

Tunsd@iinismusasfddlifingsgragmeinudgrosnsin py

ma(k) = ma(k-1) + Inc xweight left x Ama (3.12)
Tunsd@iinismasesiddlifingeamagvnsdumnnvesnam Py

ma(k) = ma(k-1) + Inc x weight right x Ama (3.13)

Famuminidenldme weight left = 0.8 \Waswndanuduvainswdiudeides
war weight left =1 Wpaaniautunuinnin

d = Q‘ 1 o = 'ﬁl o
A1599 3.1  NHNUBINAUANITNUATANINUILUUMNAUANU LA U

Rule f1AIRINTY (slope) wan dma
No. (14P|/|4¥) Wity

1 : O<=slope<?2 0.005

2 2<=slope<5 0.01

B, 5<=slope<8 0.02

q 8<=slope<10 0.03

5 slope>10 0.05

3.4.3 MsmuseufadlniigeandaensrUANLUURYY (Fuzzy logic control)
dunefimasarsudadndufeddnisavaunisivdsusviueguaduduiin
(Ama) iitemupumsmuseeidslviiniielfmusesidslnillizeitan Tnsluniseauau
Lme'i'iUﬂmeLasmaﬁ’aanﬁuﬁuaﬂ%mimmu nswasudeiuogatuduiniiviiiu
Tnedlésnsimsiasusaiivegiadududin (Ama) AddmnniuluasrilfiAnnsunisiiee

o w o w

maslnihgeanannudaglinalunismusestisaidalwihgeanldsanss Tumanduium

2/ a

lignsmsvdsudviuegatuduin (Ama) Afiddesiiullazviliiianisundsiiya
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dslihgeaaivasndniudlinalumsmusesiamdiliihgeanlsiduansdugud
3.17 mﬂﬁﬂﬁﬁwLaualuUWﬂaﬂuﬁﬁaﬁqmwmsaaﬁwé’ﬂﬂﬁ"@qqﬁﬂ,ma’i%'msmu@mmuﬁﬁmuﬁ
funssumuuazdane (Fuzzy based PRO MPPT) iilaufuguadnsinisiudeudviiue
gatuduiin (Ama) Widiinfiuanzay dsdildinsmuseshdsiihldsngsntuiion

seefsgainaelivhgegaudiasiinisundsvaaridalnwiiiAoudnem

sﬂ T T T T T H

50-
&
= 40 -
2 —— M ma =008
o]
a gl - the proposed system| _|
@©
& — Ama=0002
2 20+ E
I

10 b

o i i i i i i3 i i
o 0.1 02 03 0.4 05 08 0.7 08 03 1

time (sec)

3

3Ut 3.18 fndlviiedeil dima = 0.08 (§udi), Saslwiiaien dma — 0.002 ()

warnaalwiniaien 4ma gnasuauaeiled (Fuden)

nsATURuMsAAseEATInhggaR e dvinlifliauadanfntulurany
sty UssAvBnwiaty dentais Lﬁaamﬂngﬁugwwmﬂﬁgﬂﬂ%’ﬂﬂmﬂ@'ﬁ'ﬁmw
eamngddidududedldnsdAnnamednaanifdeenuazdudou Uil .18 uane
Tassafsdugummudlunismunuuuuiled Wudunillunsizmsveansauauuuuile
§ eusznaudediunan 3 dausheiufe nssvuntsledfedu (fuzzification) NssurunIs
ayuu (inference engine) Ua¥N3¥UIMASANBIRLATY (defuzzification) Tnelumeiiaii
tiauelfihmueylegnaisivdsuuUasasidslnii (Apav) wazAnisidsuulames
ussrunfuduwnliiunisaauauieiied (Avav) Tagldrreuadnsinisideusuiiue
graduduin (Amal) sonuiduewinmvesszuu anduiludhnszuiunis PO Fsliidy
fMAuANNTASTATINTNURAEaduaD1TIRd EMSULNITINTY9Y (Flow chart) N1
vhaureanadaiitaue hmusesidlniigegadionisaunuuuuited) gnuanslily
gﬂﬁ 3,19

it ol (3.14)
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|AP;:: =|pm — pr- (3.15)
’Ai-;;:j =lpm —I';’:"| (3.16)

Wi m uag m-1 fediiuresnisduil m wag m-1

Fuzzification |:> !:> Defuzzificztion |::>
S Inference 3

&

Preprocessing

o

reprocessing Xi>

e

Fuzzy controller

U 3.19 lastadaveamsmiunuuuuRed



Start

Initialize

Pold=0

ma=0.1
Incremental(Inc) = 1

A

Measure R / Find
Vv, Lovand Py | AP |,| AVa |
Fuzzification
v
Fuzzy
Inference
set
v |
Defuzzication 1—E
Ama
‘: ma=matl,*Ama ‘e
No
ma < May,
Yes
Yes
ma = Mayiy ¥
i ma = Mamayx
» Getma

JUN 3.20 unuiansyiau (Flow chart) vaanalian1sauauwuuile®
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unAnuil lunszuaunsitedfiindulddiAdudsueulegnnisiisuudases
maslwih (APav)) wndudunesusnvesszuulaevihnsiasumdldudalsdusuys
\WWan1w (linguistic variable) FsUsznaumsaiuduirndans Ao SP (small power) MP
(medium power) wag LP (large power). uazAn1siudsullasvasussiusiludunaliiiy
m3ruANeeiiad (|Avay) wildiluduwadiiigesvesssuulneudadu 3 duiwaduiu uwi
laigiall SV (small voltage), MV (medium voltage) uag LV (large voltage). Arilaridunu
= a = o - 1 as = v =l & a =]
WuaanBnvesdunpgnuanadagud 3.20 Teerauiadnsinisiasudeiuegadududn

(|Ama)) [uedynussszuy

sp

...—E
3 i L is
input variable "DelP”
it Ry 1
§ ‘"—g“\. [ARE 1
i pe A . s
. [ ~ v
. 1 oo )
i \\\ > >N *.\‘\ =
. ’_,/ '\.\ ’/
M S
i ’_,.-J'”‘-.\ P
- ~ s ~
bS
A ~ 87 St
- -
/__/ Y f_/ S
s 5" / o
W N~ -,
== i
input wariable "Peh”

= ' Iz = a o o o
JUN 3.21 AileidupnaduanBnvaBunndii 1 wazdam (APal), (AVa|)

nseenuuungleieanuuulnglifiugrumnuianmmaaesuesdifou Tassves
nglduanslilumstedt 3.2 Tnongasthdnuunnrudunes (AP way (AVa)) 91AR5 W
vinsiisuiieuiiu lnetmasesaufsgamddlnihgeaaudansmdanuduiisn (Ama))
gnaunuliiladey Tumanssiududauduiirrgessuuasauguld (Ama) fiawnn
dmiunsenaunseynuvasiledar]ditnig (Sugeno’s method) Fufieadaaifuiznisves

ANEIEALAT AR
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= = a oo
M3 3.2 ﬂ{]ﬂ?ﬁﬂ’)UﬂMLLUU‘W?ﬁ‘d"U’N NAUANUILEUD

F;\Iuct(_a 81 Apav waz Avav wa? Ama = weight (w,)
1 = -~ 5x10°
. o VY 2x10°
s B =y 3x10°
4 - BY 2x10”
: - vy 3x10”
- = v 4x10”
- = BV 3x10”
- - MY ' 4x10”
5 7 v 6x10”

nszuIunsAfladRied Minade (Sugeno’s method) Feldaudiatassings aald
nMsUszsnanaiildguniasdudou Taeluunanudldlusinsuitedanulilasaoulnsaaes
vilsianenli1efuiuuresgunsainisUssnana Snvadidlissuurinnuldigdugnde
ludruveamsinnaufienundnsnsaeuisiuegatduduin (Ama) resieing

MNTEUUENISaAMleRINgRsT 3.17

D KO

).
1o
Pl

Ama =

(317}

e Ama fig wmnresszuy
= ' & @ o a a v W
u1(x) A mwamnﬁmwummmuammﬂmaaauwﬂuauﬂw k
Wi A Andmvtinvesngdusun k

m fg IUIUVBING
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Dely

DelP

= & aa s = A o
5UR 3.22 19191 (Ama) luszuvanudaleaeldmalia Sugeno vossyuuitiaus

AnoyaINNszuIUNIsRedgnuiluauiuAuaUlagnled wdsandui
) l P [T = = v o v e &
dayauilaluidisuiisuiudygisamivien 30 kHz eaddygiuiadinuogady
(PwWM) iiihluduaing S, vossasHansuunduIosines lugun 3.3
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4.1 nMsafuuudnasnaandnvuzvavaduaeiing
afuuudasInudnyNsanIzTaATaauaIinglneiaud unun i duluan
PRINITRSUADRRduaz s RIAT LA U ITe dannd Nt TN ST LAl
LSITUINUNYBALETING Bermms SRS vasuRIYas AT AngIARaT
YUIAMAIEIER 125 Jam
sl diindegeen 17 Toad

(]

nszudlwinimdaagn 736 woud
nszualniIanees 7.64- Uaul
uswillwihidlomaes 216 Taad
anmmuasgIufinadias 1,000 Wim® o guvndl 25 esmiealdes guugii
Watiunng 1 ssrnivaldea asvilussfuanas 0.5% lihnisnaaesseson
1. {UA2435 (Open dircult) NAUKSITULDVINNTD IS aaLaIR HnEd Taenisly
solnanyNTInLsuTaiges
2. 4n993 (Short circuit) N1IAULBWINNVRIUKSBAAKADITInglnENTYN15TR
NILUERN99T Wsaudma sz Jueued
3. selvandimumiudsumlayuiuanudiunuuas Tadnssuauasussiulunn
vzl InsiAsuuag
4. thnszuauavussuildannisaseuludunaud 1 - 3 s¥msdeunsa
ANHFURUTTEIINIMAITULTIAY Waz nIzwaius v

wf\/‘v’\—ﬂ—‘

currgnt Measurernent

s
0 N [—
Contfolled Voltage Source !

Uolta e Measurement
1 1

PV module ()

Us! Ipv Wy

Insolation Ppv

Insolation Py P

@

U7 4.1 19svadeumAnanvuzveswnseaduateindlagldlusunsy MATLAB/Simulink
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Power (W)

Curront (&)

A

i 1000 W/m? \ i
/ goom\
/,/{/} 800 W;w;\\i\
L /// / 700 W\ \ "
/' /j:;/ soowim
~ "
i / s P Wim? \\ ‘
//{:‘: /f,/ ww“/w 400w m " \\ \\%
I//:/’///M/ﬂ"’,»),/ o "_'_,,__.a W, \,‘\‘:\
/,sz;’;fi,if; i 300 W/m® —_ \\g §\
e g i e e R
r G AW \ I
P e = E
vy ‘\:%\
gﬁ"{//fﬂ/ i i i 1 \‘ak
0 5 10 15 20

YVoltage (V)

d ar o & 1 o ar o o ] 8
EU‘VI 4.2 ASNANUFNNUDITENI NN IAMAL LTI UNLARE A ULULILES

B szt

i
&l 5 10
Voltage iV}

a o o ] oo oa 2
g‘l.hﬂ 4.3 NTNANUFUNUSTZUINNTSLALASUSINUNUAAZ AULVHLES

NFUT 4.2 ez 4.3 nsTnaemnIwREnvasan s TeIwaduavafing
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loglta99snugui 4.1 Fevinisdraeduwiazanuduuas asiuifiuiaseuidunssesdl
ArdaluihgsgaiiearAe it

o = A o =
4.2 N3N TSUUAIUANLUULNAUANU LﬁﬂﬂUﬂ?\i%i‘Na’lﬂLLlelE]UL’JEJ%mEI‘g
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] ' Secondary Zone Y

WP yacking
FLL combutay
MEBckEeLm

. MPPT proposed Fuzzy & proposed INC

JUN 4.4 :aasviansutnduiesineiisnansielusunsy MATLAB/Simulink

. JIL
Zete Oruer
Hoat

JUN 4.6 13sdmsumsAIuANLUUiLAIAuTvesmadinfitaue

29mlatudndunefinesiignirasstuiviniednuianisieuresasile
euratuunraduaerfindhileuaenadesiunguiiinilviell uenainiigeanusath
Fynailuwtdwitninmsdesarldiduwumislunisafinasiansutadunesinesasa
1N3UT 4.5 wansduUsznanawuuivdvensamiasudadunesines Failusesiuuay
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nszualniiugugfiidudunavessyuu lnstewinsannisussananasmeiledaziJusuilue-
Y a o A nud ¢ [ ) v e o = 8 was
@LamuaumﬂLwa’LwLﬂuaqﬁﬂixnaU‘Lum'ﬁaS'Nazy,mumwaa’;mua@La%u(PWM) FFTUNDELNA

nuaulgugivevitentamatsuinnudge
40 T T T

T
— Primary current

30F o

N
o
T

1

Current(A)

o
T
1

o

15 e ptinary volttage | 7
@
£ 10h -
o
s

5r =

1] 1 1 1 1 1

0 0.01 0.02 0.03 0.04 0.05 0.06

Time (s)

—==Second current
o ———— Second voltage

Current{A) Voltage(V) [X100]
o

- 1 1
o 0o 0.02 0.03 0.04 0.05 0.08
Time(s)

2 L

()
FUM 4.6 (n) dyanaunsvuauasusesaulniimisiulgugivenisaswaneudnduiesines
(v) fyaanszuanazusiuliiimisiundeglivenwivasuirdunesines

]

Inedyaaunssiuiivinawenagadu 0.01 whiswnealeuwagaasennissiass

NaﬂTi‘{?’}aadﬁmﬂmﬂmmdﬁutmzﬂi%LLﬁlWW']ﬁ’}uﬂEQJQﬁﬂJE}dHﬁE}LLiJs’-IQWﬂ’]EJLLﬁﬂﬂ’J’IlIﬁ'
gennlusunsa MATLAB/Simulink Tnensvinszuaiiléfidnwas Sudyausodduysaii
luaamgud Safnannisidyaia PWM ﬁﬂ%’wﬁnﬂmiuaamfﬁ’uswdwé’mmmsmaﬁ
duysaluaranumasy Wussgy 4.6 ()

waMITaesdnyamusiuarnsrudliivensianeuladunefinesmusuil 4.6
(1) ilevinseruluaadiluruiuudanaidnvas iudyyamediienud 50 Hz
4.3 N13591899N1IVNUEIUSUATY MATLAB/Simulink
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4.3.1 NANTITINADINITVNILANIIZAMTUUEIUUUA9)

0s

120
045
lo]
E 04 i
= Z
Bo3x =
E @
5 1 3
S0 @
pos | L1}
g o2 4
=
0.15
01 L L L L Lk L i 5
0 0.1 0.2 03 0.4 05 02 63
Time (s) Tirme {s}
(n) (v)
100
o F ] 121
= 80t e s
= - 1ot
@ g
5’ 80 g af
D i
2 I Qo_ B
g o =
! =R X
GE_ i o
20 2t b
oll . ‘ S VT 1 W S s v o et
0 o1 a2 a3 04 05 0 0.1 0.2 03 0.4 04
Time (s} Time (s}
(@) (9)

= = as & a =3
UM 4.7 uanamanauauoteInsAUANLULNGS (n) Fyansuegaduduin

o as

(¥) dygruiiadlvingse () Aasiwieds uay () Aniswasuulasvesiidslih

nnyldunepouauemInnshasImsinuressruuLuUiladas inalinnisii
f-w'ﬁmmﬁ'mgﬂl,l,uuﬁﬂ%aua Imﬂgﬂﬁ 4.7-(n) LLamﬁimaﬂLa‘ﬁ’u%uLﬁnﬁWmuﬂuﬁmmwmﬁaﬁﬁm
uegLATy (PWM) mguazifuindinsiiuuasanvasrniogaduduinidvlavinty 3
WGulumungiignimuald iflelissuvannsoy fudiliinisnusesiisniuazinsunds
vparndsiigaindslniingeaam sU 4.7 (0) wemsdiidslnihaeitaonunseaduaseriing
vmaulgngiivemfeutas warsudnnnuigs Tuvmsdl 3ud 4.7 (m),) iWudidsl
wisuazAMsundwesiddlniifigasen (AP) vee3Uf 4.7 () mudrdu TngAinisunds
veeriaalihazgnusuliinsunisitantionas

dwsuagniniswisunegaduduinumunaiiinisidssuliisuve sdyued

[

FuysalUSeuiieuivdyguaumden 33 Aladied lne

_ Amplitude of Absolute sine

Ama =

Amplitude of Triangle
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©
£
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@
T
=
o
o
= o2} -
o H
2 015f M e PAO 0Ma = 0.05 |
== = PZO gma = 0.01
01 == === PEO dma = 0.005 |
0.05- == === Proposed fuzzy
= === Proposed INC
D 1 1 1 1 1 1 1 1 1
0 005 01 015 02 D025 03 035 04 045 05
Time (s)
(n)
70t
60 | b
< s0f J
@
&
§ 40 -
e
© 30F i
g
o P80 dma=10.05
20 re— P80 dma = 0.01
== P20 dma= 0.005
10 = proposed fuzzy |+
= Proposed ING
1 1 i 1

D 1 1 1 1 1
0 005 01 0.15 02 025 03 035 04 045 05
Time (s)

(V)

=] = = ' o A o w a ~
JUT 4.8 nansisuiieuvesatagwatuduan (n) kasmaslniiiagy (v) veunaiianig
AUANLUUTEE, MsAIUANLUUNISSUNIULASALNR (PRO) 5333a0 wA%ISnsLfiuAAuth
A Ao o o 1 (] v oA 1% 2
VDINAUANUILEUD ﬂ?ﬂiﬂﬂﬂqﬁgﬂfl'ﬁLﬂﬁUUQq Ama ATA1NU NIANALYULES 500 W/m

mn‘gﬂmﬁuinﬁalﬁ’iﬁh Arna ﬁga (Amna=0.1) szuvaIu1san1usosn1dslunle
st unauslmmsuniweiddliindaaiidsinihggareuinamn Turaeisieldm
Ama fitferat (Ama=0.05 uay 0.01) szuvagldinatlunisnusesidslwiunTunsays
nsundevasidelniitosasmudsu Teadlowseuiieuiuiaonnadafiviaus av
Funafuisgsuvannsamusesiddlnihgeanldnnduasiinsuniseshdslningand
alasnarildlunismusesvesitedldinandszuna 0.07 Sund Ssanunsaudlovedymnis
wnisvasidslniuazinanlunsmusesfiunvesmaiaiule

sruuivhnisiaasiiauduuas 500 Wm’ Tnedeszuumsausesuuuiied,
AR AIAINL LA N TINLTRBLUUSUNULAELNA (PRO) dnunsanusaeriidaludi
aeanliade iosmnanidsliihgageanisaonnadadelndifestuamsdliihgeanves
nIMAMEN YT ZYBILRATAdLAY AIndlugUT 4.2 Adeuduuas 500 W/m®
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[l
= o

nsundsvasmasiniinyamadinigega (Ind)

15

WPRO (Ama=0005) MP&QO (Ama=001 WP&O (Ama=0.052 @ Fuzzy based P&O [ proposed INC

(n

vailglumsausaenaslningsgn Guai)

0.4

0.3

0.2

0.1

W P&O (Ama=0005 [P&O (Ama=001) EP&O (Ama=no05 M Fuzzy based P&O [ proposed INC

()
Uil 4.9 wnupfiuiadTsuidsunasunisveaiidalnii () waznaililunisausey
fndslnihgean (1) veunatianseuauivuisdifioufumaianissuniusazdaunn (PRO)
wazAifiuAmuieanaiaiiviaue aeldianiznisidsudt Ama Adnaniu finana
e 500 W/m’

Mnguifunsiisuiisuraanmsdasdusuresnisunisvesidsluihuaznand
’l*%’ﬂum‘immaEJﬁwé’ﬂﬂﬁﬁqmﬂﬁaaamﬂﬁﬂmimuauLmuﬁw}’}, edansifiuAiamuiuag
MIAUANLUUNITAUTBRAAUNALUULAY (PRO) Llauanssanisiaesangud 4.8 (n)
waz () Tdfuanuiu suhmsmuauuuuiisduasnsiumamniifinanismevaus i
iluduresnsuniweshddlnihuasnanilflunismusesidslnigsgadiodeudy
windla PO Tngitdldalunismusesi 0.07 3uil uazdimsundadszana 055 Tad Tng
szuuivimssraesiierudunas 500 W/m’



72

0 6 '
o5t
(0]
E
D 04t
o)
£
5 o3mtiicr i
@ [
=] HH
e Ej
g 02 o P&O dMa3 = 0.05
== = P&O dma = 0.01
01k === P8O dma = 0.005 | |
== == = Proposed fuzzy
== === Proposed INC
0 ) . : : . : N ! 1
0 005 01 015 02 025 03 035 04 045 05
Time (s)
(n)
100 - - - . - T T
90t
80+
g 70 g
& 60 ]
©
2 sof g
Ps
D 40f ,
=
& 30F P&C dma=0.05 |
P&0 dma = 0.01
20 — PO dma = 0.005 |
10 m—— Proposed fuzzy |
e Proposed INC
0 1 L L 1 L 1 L

1 1
0 005 . 01 '046 02 025 03, 035 04 045" 05
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JUT 4.10 nansipuifisvvasrmegatuduin (n) wavidaliiiieds (@) veunaiianis

AUANLUUTLE, MIAIUANLUUNNTTUNMILLazduNG (PEO) 5531 WaylonsiiinA1nutl
a d o w | 1 toi ¥ v o 2

vounatianinaue meldanznsivioud Ama A1A1990u PAMLTLLES 800 W/m

1ngUaztiuindeldnl ama 7ige (Ama=0.1) sevvanansonmusesindsluiile
admmfuagilinsuniseidsiiigaasningeandouttann Tuvueidelden
Ama fitforas (Ama=0.05 waw 0.01) svuvarldiailunismusoemdslifinunnuudesd
msundsresridsinidesasmnuiiu nedlodeuiisuiumadafiiiaus axdunadiuii
szuvannsamusosddwihgagalsisaniuasinisunimesidilriihgsgaiisnlnonan
Mlunsmusesvesiledliinarussuim 0.07 3wt fwansouslonedgwinisunies
fdeliuazalunisauseesfiunnvesveiiadule

syuuiinnisdrassfinnnuduuas 500 wWm® Taessszuunsanusesuuuilad,
walafiuAAU A MIIUTDERUUTUNULAEELAR (PRO) anansamusosrdaluli
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] o o A o e [
nsundevasidslniifaanidelninggn (Tnd)

WP&O (Ama=0.005 MP&O (Ama=00n MP&O (Ama=0.05) [JFuzzy based P&0O [Iproposed INC

(n)

vaildlunmsmusesiasiningsgn Guail)

0.4

0.3

0.2

0.1

B P&O (Ama=0005) DP&O (Ama=0.01) BP&O (Ama=00s B Fuzzy based P&O [ proposed INC

(V)
Uil 4.11 unugiiuiausuifisuansunisvesridslaiia (n) uazianiildlunisauses
fdslifingean (2) saanadiansmupliuuiiedfisuiumedanissuniutazdauns (PRO)
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Microprocessor based Fuzzy MPPT for PV-AC
Module DCM-flyback Inverter

Poom Konghuayrob and Somyot Kaitwanidvilai

Abstract— This paper proposes a maximum power
point tracking using fuzzy based perturb and observe
(P&O) algorithm for a photovoltaic (PV) system (an AC
module). In AC module flyback inverter, modulation
index (Ama) are adopted as a control variable to track
the maximum power point (MPP) of PV array. In the
conventional technique, step size of modulation index
(Ama) is adopted in the simple P&O technique;
Although this technique is easy to be implemented but
there is some problems regarding large oscillation
around the MPP and slow tracking when improper step
size is selected. The propesed technique, fuzzy based
P&O technique, is adopted to provide non-equal step
size of Ama. The proposed fuzzy system was
programmed on microcontroller which is a low cost
processing device. Experimental result confirms that the
proposed system can effectively track the power from
PV system, and is better than the conventional
technique.

Index Terms—AC-module, fuzzy MPPT, flyback inverter,
discontinuous mode.

I. INTRODUCTION

OWADAYS, interest in an AC module in photovoltaic
energy has grown to solve the problem of environment
crisis. Photovoltaic (PV) systems have been developed to
overcome the problem of energy crisis. Solar energy
generators are extensively adopted to generate the electrical
power from solar irradiation. In this approach, solar power
is converted into electric power by photovoltaic (PV) array.
The output of the PV panels depends on surrounding
weather conditions those are sun irradiance level and
temperature [1-3]. Several circuits and control schemes for
photovoltaic power generation systems were applied and
studied. Generally, a PV system consists of PV array and
PV power conditioner that can be divided into two
categories, first is de—dc converter to control the dc voltage
and second is inverter to generate ac power [4].
In this paper, a flyback inverter with center-tapped
secondary winding is adopted for implementing the
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proposed technique, fuzzy based P&O algorithm. The
design of this circuit was presented in the references [5]-
[7]; the features of flyback inverter are summarized here as
follows. No dc—dc converter is required and the flyback
inverter can directly convert the specified dc power to ac
power. The main circuit configuration is simple and the
number of power semiconductor switches used is less than
that of the other circuits. This research work adopts the
fuzzy maximum power point tracking (MPPT) technique to
utilize the power from PV array.

Modulation index (flyback inverter) and duty-cycle (DC-
DC converter) are key parameters for tracking MPP of solar
array [8]. Although general P&O technique can be simply
adopted for the tracking purpose, the selection of
appropriate step size of modulation index (Ama) or duty
cycle is not easy. If the step size is too high, the oscillation
around the maximum power point (MPP) will be large. On
the contrary, results of tracking will be slow if the step size
is low. To overcome this problem, this paper proposes the
fuzzy based P&O algorithm to adjust the appropriate Ama to
achieve both fast tracking and low MPP power oscillation.
The inputs of the proposed fuzzy logic are the magnitudes
of the change of power (AP) and the change of PV voltage
(AV) which are used to estimate the appropriate Ama. The
system was programmed on microcontroller; thus, the cost
of controller are reduced when compared to DSP or
personal computer. The experimental results show that the
proposed technique can perform efficient power tracking in
various irradiance conditions.

II. FLYBACK INVERTER WITH CENTER-TAPPED
SECONDARY WINDING

A.  Operation of DCM-flyback inverter with center-
tapped secondary winding

PV Module Di 1
Lm % T _|_
Ci»'— Sf’ﬂ"— =

D2

Ssec2

Fig. 1. Circuit configuration of grid connected flyback inverter with center-
tapped secondary winding.

The main circuit of DCM-flyback inverter for a
prototyped PV power conditioner is shown in Fig. 1. PV
module is utilized as the input source of this inverter. A
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flyback inverter consists of one decoupling capacitor, one
center-tapped secondary winding transformer, three
semiconductor switches, two power diodes and LC output
filter. The primary switch S,,; operates with high switching
frequency, secondary switches S;,; and Sj,.; operate with 50
Hz like as line frequency. The capacitor (C/) is used to
reduce ripple component of input power because nearly
constant input voltage and current is needed for MPPT
algorithm. The flyback transformer performs energy flow
from dc to ac side and provides isolation between the PV
array and ac line for protection. The primary winding is
connected to the PV array and the MOSFET Sp, where the
switch §,; is driven by pulse-width modulated gate pulses
generated by friangle compared with absolute sine. Both of
AC semiconductor switches composed of the IGBTs S..,,
Ssecz and the diodes D;,D; in series connection as shown in
Fig. 3, connected to each terminal of the secondary winding
of the flyback transformer. The active switches S, and
Ssec2 are turned on or off on each of half line cycle to
generate positive or negative output current according to the
polarity of the sinusoidal waveform.

PV Module

Vin

PV Module i

PV Module DI

=

Mode IV

Fig. 2. Circuit configuration and operation modes of flyback inverter.

The circuit of flyback inverter and the switching
sequences (mode) are shown in Fig. 2. Mode I is defined for
the situation where switch S,; is conducted and all other
switches are off, and the stored energy in Cyis discharged to
the AC load or grid with the synchronized polarity and
phase. Mode II is defined for the duration where IGBT S,..;
is conducted with all the rest in off, implying the stored
energy in L, releases to the AC utility grid and giving the
positive polarity. Mode III and IV, the primary switch S,
alternately operates at high switching frequency during the
negative half cycle. The thorough analysis of the DCM
flyback inverter is described in [9]. The transferred power is
expressed by the following equation [9]:

1

Fpyr :ZI”,fchdf, e))]
1
where gL:L}f (2)
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Fig. 3. Current waveform and switching sequence diagram

III. PrROPOSED FUzzY BASED P& O ALGORITHEM

Fuzzy logic is easy to use because it does not require
accurately mathematical model. Besides, fuzzy is able to
work properly even without the precise knowledge of
system and is more robust compared to the conventional
non-linear controller [10]. The operation of fuzzy logic
control can be classified into main basic elements, namely
fuzzification, rule base inference engine and defuzzification.

[SBN: 978-988-19252-6-8 IMECS 2013

[SSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)



Proceedings of the International MultiConference of Engineers and Computer Scientists 2013 Vol II,

IMECS 2013, March 13 - 15, 2013, Hong Kong

The operation of the proposed fuzzy logic control is shown
in the flow chart in Fig. 4. Solar PV system consists of a PV
panel, a flyback inverter, fuzzy based P&0O MPPT control
unit and load which are shown in Fig.1. The power from PV
panel is delivered to the load through the flyback inverter.
The change of output voltage (AV,,;) and the change of
power (AP} from the PV panel are adopted as the inputs of
the fuzzy based MPPT control unit for MPP tracking. Fuzzy
logic is used to determine the step size of perturbed
modulation index. In the other words, the proposed fuzzy
logic P&0O MPPT will decide the new operating voltage for
PV panel by adjusting the step size of modulation index
(Ama) on the flyback inverter.

Output of
operation

Input of system

Inference Defuzzificztion

Fig. 4. Operation of fuzzy logic based P&0O MPPT control

In this paper, fuzzification is the process of converting
(AVp;) and (AP,,) from PV array, which are the inputs of
fuzzy system, into linguistic fuzzy sets using fuzzy member-
ship function with six fuzzy sets: NB (negative big), NM
(negative medium), NS (negative small), PS (positive small),
PM (positive medium), and PB (positive big). Fig. 6 shows
the input membership functions of this proposed technique. 5
fuzzy sets of output membership are VB (Very Big), B (Big),
M (Medium), S (small), VS (very small).

120

Initialize
Pold=0
ma=0.1
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Fig. 5. Flow chart of the proposed fuzzy based perturb and observe (P&0)
for MPPT of flyback inverter

Membership function sets

T T T T T
NB NM NS PS PM FB

S b —emacaa ]
i I
) i i
: A ’
Lol 'f
ol 1
’ i
N
Yo
1
PO
. ) ) .
-2 o 2 4 6 8 10
Input variable ‘AP”
Membership function sets
: — X T =

TABLEI
RULES OF FUZZY BASED P&O SYSTEM
Change of

voltage Change of power (AP,;)

(AV o) NB NM NS PS PM PB
NB Vs S M M S VS§
NM B V§ S S Vs B
NS VB B Vs Vs B VB
PS VB B Vs Vs B VB
PM B V§ S S Vs B
PB VS8 S M S Vs

TABLEII
DESCRIPTION OF WEIGHT VALUES
Value of o
Rule No membership A‘Lna weight
function (W)
1 VB 6x10?
2 B 4x107
3 M 3=107?
4 H 2x10%
5 Vs 1x107
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o

Input variable “AV”

Fig. 6. Membership functions of the input variables (AVp-and AP,.,)

The fuzzy system rules can be designed as shown in
Table I; rules and weights were specified by the knowledge
of the expert. In this paper, the defuzzification method
adopted in the proposed system is based on the concept of
Sugeno’s method which is the min-max composition.
Defuzzification for Sugeno’s system can be calculated by:
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where Ama is the step size of modulation index. # is the
product of all membership values of rule no. &, and w, is

the weight of rule no. k; m is the number of rules. As seen in
Fig. 5, Ama is used as the magnitude of change but the
direction of change is specified by the concept of simple
P&0O. AC-module flyback inverter adopts the output of
fuzzy system (the step size) to the P&O method to generate
pulse width modulation (PWM) signal for controlling
primary switch Sp,;.

Fig. 7. Sugeno output surface (Ama)

IV. EXPERIMENTAL RESULTS

The effectiveness of flyback inverter and the proposed
fuzzy system are verfied by simultaion with
Matlab/Simulink and real experiment. Flyback inverter
model in MATLAB is shown in Fig 8. The PV system
adopted in this study is composed of 100W. PV panel and
Fly back inverter with 30 kHz switching frequency.

[ MPPT Fuzy Zane

Fig. 8. Simulink model of fly back inverter

In order to show the effectiveness of the proposed fuzzy
based P&O, both the proposed and the conventional P&O
techniques were implemented on the MPPT. The results of
comparision can be seen in Figs. 9 and 10. As seen in these
figures, the proposed technique performs better performance
in terms of fast tracking and low power oscillation at MPP.
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(c) P&O Ama = 0.1 at 200ms/div (d) Fuzzy based P&O at 200ms/div
Fig. 9. Real power, voltage and current of flyback inverter (a),(b) and (c)
are experimental results of the conventional P&O (d) is the experimental
result of the proposed fuzzy base P&O MPPT algorithm. (at irradiance level
450 W/m?)

Tracking Time (s) Power Oscillation (W)

Amas Ama= Ama= Ama= Fuzzy Amn= Ama= Ama= Ama= Fumy
001 0025 005 0.1 ‘based 001 0025 005 0.1 based
P&0 P&0 P&O P&O PO P&0 P&0 P&0 P&0 P&O

Fig. 10. The comparison results of the proposed and the conventional
techniques

Figs. 9 (a), (b) and (c) show the results of power, voltage
and current from the conventional MPPT algorithm when
operted at irradiance level = 450 W/m®. Fig. 9(d) shows the
experimental results of the proposed fuzzy logic control
based P&O algorithm. As seen in Fig. 9(c), high value of
step size Ama results in fast tracking and high oscillation of
power at MPP. In contrary, as shown in Fig. 9(a), low value
of step size results in slow tracking and low oscillation of
power at MPP. In Fig. 9(d), the results of tracking time and
power oscillation concern that the proposed technique is
better than the conventional technique in terms of lower
power oscillation and faster tracking. Fig. 10 shows the bar
graph of the results from Fig. 9.

V. CONCLUSION

In this paper, flyback inverter with center taped
secondary winding using fuzzy based P&O algorithm for
AC module system has been proposed. The proposed MPPT
technique is adopted to approximate the appropriate Ama
for achieving good power oscillation and fast tracking. The
experimental results confirm that the proposed MPPT
performs better performance and effectiveness compared to
the conventional P&O technique.
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ABSTRACT

Generally, “perturb and observe (P&Q0)” technique is
widely adopted in photovoltaic (PV) system to maximize
the power from photovoltaic (PV) array. In PV grid
connected system with flyback inverter, the modulation
index needs to be adjusted to track the maximum power
point of the PV array. However, if the step size of
modulation index (Ama) is too high, there will be a large
oscillation around the maximum power point (MPP). In
contrary, the small step size of modulation index (Ama)
results in slow tracking and small oscillation. To
overcome this problem, this paper proposes a technique to
adjust the Ama fo achieve both acceptable tracking time
and small power oscillation. In the proposed technique,
the magnitudes of the change of power (AP) and the
change of PV voltage (AV) are adopted as the inputs of
the proposed fuzzy logic system which is used to estimate
the appropriate Ama. Simulation results confirm that
the proposed technigue can perform the efficient power
tracking in various irradiance conditions.

Keywords: flyback, MPPT, optimization, fuzzy

1. INTRODUCTION

Due to the increasing of the demand for electrical energy
and environmental issues such as pollution and global
warming effect, solar energy is one of the most
important options for generating clean energy. In
addition, photovoltaic (PV) system gains more attention
as it appears to be one of the most promising renewable
energy sources. Recently, due to its technology
development and cost reduction, PV system becomes an
effective solution to the environmental issues [1].

The output characteristics of photovoltaic arrays are
nonlinear with the temperature and solar irradiance. For
a given condition, there is a unique point in which the
array can produce the maximum output power [2]. As
denoted in many research works, this point is called
maximum power point (MPP) which depends on
temperature and the irradiation. To operate the PV panel
at the maximum power point, a maximum power point
tracker (MPPT) is normally adopted. As seen in the
literatures [3-7], the issues of tracking maximum power

point have been addressed by different methods; several
techniques such as fuzzy logic control (FLC), artificial
intelligence  (AI), neural networks, DSP based
implementations, Incremental Conductance (INC) and
pilot cells have been proposed. Among the various
techniques, the Perturb and Observe (P&O) algorithm is
the most commonly used method due to its ease of
implementation. However, this technique has the
problem of choosing the appropriate step size of
perturbation.

In typical PV grid connected Flyback inverter, in
which the P&O algorithm is applied, the operating
current of the PV array can be perturbed by changing the
modulation index in a given direction (increase or
decrease), and the power drawn from the PV is then be
observed. If the power of PV array increases, the
operating medulation is further perturbed in the same
direction. In contrary, if the power of PV array
decreases, the direction of perturbation is opposite [3, 6].
Nevertheless, to obtain the satisfied MPP tracking
performance, it is necessary to select the appropriate
modulation index step size (Ama) [8, 9]. The
performance of MPP tracking can be measured by the
tracking time and the oscillation at the MPP.
Unfortunately, the adequate step size at each irradiance
condition is different. In addition, there is no general rule
for determining the optimal modulation index step size
in P&O technigue. Most of the researchers selected the
Ama by trial and error test. To solve this problem, this
paper presents the adjustment of Ama of a flyback
inverter by using fuzzy logic method. The fuzzy logic
was adopted to estimate and adapt the Ama for achieving
both acceptable tracking time and low power oscillation.
The simulation study in this paper was performed on
MATLAB and Simulink [10].

2. CONVENTIONAL AND PROPOSED P&O
TECHNIQUES

2.1 Perturb and Observation (P&0)

The concept behind the "perturb and observe" (P&OQ)
technique is to adjust the operating voltage or current of
the photovoltaic panel to acheive the maximum power.
Equation (1)-(3) describes the change of power which
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defines the strategy of the P&O technique [3]. As seen in
previous research works, this method worked well in the
steady state condition; however, the major drawback of
the P&O method is that the obtained power oscillates
around the MPP in steady state operation. Moreover, it
can track in the wrong direction under rapidly varying
irradiance or electrical load. The step size affects to both
the speed of convergence to the MPP and the amount of
oscillation around the MPP at steady state operation.

2.2 MPPT Fuzzy logic control

Normally, trial and error method is used for choosing
the step size, Ama (in inverter) or Ad (in DC-DC
converter) [8]. The fuzzy logic based P&O is adopted in
this paper to estimate the appropriate Ama for the
proposed Flyback inverter. In the proposed technique,
changing step size is not constant and depends on the
inputs of fuzzy system (IAP,l, |AV,)). Based on the
proposed technique, both acceptable tracking time and
low power oscillation can be acheived. The Ama mainly
affects to the performance of MPP tracking. As shown in
Fig 1., high Ama results in high power oscillation and
fast tracking speed, and low Ama results in low power
oscillation and slow tracking speed. The tracking by the
proposed technique is shown in the red solid line in Fig. 2.
As seen in this figure, the proposed system can perform
both low power oscillation and acceptable tracking time.

g Alld & )
£ f"f j==r Ama = 0,08 i
% 0 - :—— the proposed s-pmmi
§ -\ oo |
% ¢ /

5] AZ B3 04 &S (NG Yo7 _BF | 07 )
e (sec)

Figure 1. Average power curves at Ama = 0.08 (blue solid line), 0.002
(black solid line) and the proposed technique (red solid line) (irradiance =
800 W/m?)

MPPT using fuzzy logic system is adopted to take
more advantages of better performance, robustness and
human knowledge based design. The proposed fuzzy
logic system shown in Fig. 2 has three main parts and
those are  fuzzification, rule-base, inference and
defuzzification. In the proposed system, the input
variables of the fuzzy are the absolute of change in PV
array power (IAPavl) and the absolute of change in PV
voltage (IAV,l), whereas the output of Fuzzy logic
control is the magnitude of Ama. The changing step size
is the command for controlling the power drawn from
the PV. Flow chart of the proposed fuzzy logic based
P&O system is shown in Fig. 3.

By =VaIn M

125

m| _ | pm m-1
|APav = Pt‘w _Pav

@
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Where m and m-I are the m” and m-I" sampling
number.
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Fuzzy controller -

Figure 2. Typical Fuzzy logic system
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Figure 3. Flow chart of the propose fuzzy logic based
P&O technique

In the proposed technique, the first input variable
(IAPavl) is assigned in terms of several linguistic
variables by three fuzzy subsets, which are denoted by
SP (small power), MP (medium power) and LP (large
power). The second input variable (IAVavl) is classified
into 3 fuzzy sets, namely, SV (small voltage), MV
(medium voltage) and LV (large voltage). The
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membership functions for the input variables are shown
in Fig. 4. 4ma is the output.
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Figure 4. Membership functions of the 1% and 2™ Input
variables(|APavl and IAVavl )

Based on the knowledge of the system, the fuzzy
rules can be designed as shown in Table I. The rules are
defined by considering the magnitude of the slope of graph
APav versus AVav. If the MPP is approaching, the
magnitude of slope is low and small 4ma is required. In
contraly, high magnitude of slope indicates that high value
of 4ma should be applied. The fuzzy inference of the
proposed fuzzy logic control is based on the Sugeno’s
method which is associated with the max-min composition.

Table I. Rules for the proposed fuzzy logic system

g:fe If APav And AVav ::;;hf?\!:k;
1 SP BV 5x10°%

2 SP MV 2.5x10°

3 SP sV 3.5%10%

4 MP BV 2.5x107

5 MP MV 3.5x10°

6 MP SV 5.5%102

7 LP BV 3.5%x1072

8 LP MV 5.5x107

9 LP SV 7.5%10°

Defuzzificaion for the Sugeno’s system is both simple and
fast, which can be calculated by:

" k)< w,
Zk:l . k (4)

W,
k=1 K

Ama =
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where Ama is the output, g (k) is the product of

input membership function values of rule no. k, and w,

is the weight of rule no. k; m is the number of rules. The
output of the proposed fuzzy is used to modify the
modulation index of the flyback inverter. Then, the absolute
sinusodial signal with the controlled magnitude ma is
compared with a sawtooth waveform to generate the
modulated pulses for controllable switch of the Flyback
inverter.

3. SIMULATION RESULTS

Fuzzy logic and the Flyback inverter [10] have been
modeled and simulated by using Matlab/Simulink. Flyback
inverter developed in this paper is operated in discontinuous
mode which gains the advantage of higher voltage
utilization. Fig. 5 shows the developed simulink model. The
power rating of flyback inverter adopted in this study is 100
W. Switching frequency of the circuit is 30 kHz. Table II
shows the specifications of the PV module used in this
study.

Table II. The specification of PV module that used in
the simulation

Open circuit voltage | 21V
Short circuit current | 7.8 A
Volt at Pyax 127V
Current at Puax 6.72 A

R
P LN

Figure 5. The developed model

The performance of MPP tracking of the proposed
technique is investigated in comparison with that of the
conventional P&O tracking. The simulation was
performed by operating the system under the variations
of irradiance from 500 to 1000 W/m®. As seen in Figs.
6-8, the average power oscillation and tracking time
from the proposed technique are less than those of the
conventional P&O technique. As seen in these figures,
the average power is calculated at each period 10 ms
which is equal to the period of absolute sinusoidal
waveform. The absolute sinusoidal waveform is the
reference signal in control circuit of the proposed
flyback inverter.
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Figure 8. Average power versus time at irradiance 1000 W/m®

Table ITII. Power oscillation and tracking time of the
proposed and conventional techniques
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Figure 9. Energy obtained from the proposed and
conventional.
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