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Solar energy is a renewable energy source. It is clean, pollution-free and high
potential renewable energy. Currently, solar energy has been used for power
generation by distributed electricity generatation system. Therefore, solar energy which
is used to generate electricity connected with converter to distribution system
becomes more popular. This thesis presents the solar PV rooftop control for distributed
generation by using impedance inverter. Type of the impedance is the quasi-Z-source
inverter (qZSI). The gZSI was designed by F. Z. Peng in 2003 in which this inverter
provides a continuous constant dc current from the source while the conventional ZS|
draws a discontinuous current. It can be used to perform the lower input voltage
requirement and it can supply the output voltage as similar as other inverters. Thus,
the gZSl is suitable for the grid connected PV systems. The controllers designed for
gZS! by conventional Pl are compared with the proposed fuzzy controller. According
to Simulink/MATLAB simulation and hardware in the loop results, the proposed fuzzy
controller can efficiently regulate the quasi-Z-Source Inverter in both stand-alone and
grid-connected modes compared with the conventional PI control. Finally, the
hardware implementation of the quasi-Z-source inverter on stand-alone mode using
fuzzy - PI controller is also presented to confirm the effectiveness of the proposed

method.
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IFvinsusietassanssuara3sefiie desiuinnsdsulniitnssuansdmnduluih
nszudaduwuudausdetuszuud el nmsidenfnvivdiadunedines swludded

Y o a s ¢ A A Ay a a ca v
LAZVDLHYUDIDULIDILANDT V]La@ﬂIﬂUQWUQGﬂﬂ?WSWUWUﬁ@ﬂWQEJ

a

32 WAL indfinansuunasnn (Solar PV Rooftop)

WE UL AN ARARIUUNE AN Aonstunswaduasefindunandundsay
T Faunamaduasenfindozdosdnsalivundsanthu/maiineseiasiviaty uhamad
wasonfindvimdufunaunaudasundssunaslaladulninszuanse (Direct
current : DC) wazdenszualiindniugunsalwdasiulnisindeidiseuudining (Grid
connected Inverter) titorUasulniinnszuansadulniinsshaadu (Alternative current :
AC) witosne Wl AuLadad gl lutauldau Snrasnenszualniiiriiuiniosand sy
(Watt hour meter) wazidousiaid1fuszuusmueaesnisfinfiesmreaulinisiui

wandlaragui 3.1
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L
_______ o ~ Safety switch Wh meter

Safety switch Safety switch

or circuit breaker DC or circuit breaker AC

Grid connected Inverter

Grid Utility
PV Array Load

JUT 3.1 UWHUAINSEUULRATaRLAR Indi@ausiefiuszuudvming

[
= < v

321 dofvomasunafindfinafsuumndinn

Forvomdinunasefindfinasuundsan Taun

1) uwnaaauwase1fndidufisulaiunnunurdini 3erigananusauues
waamle

2) frwanmlnii Wesanaunsandaliiildosls

3) unswdanszualiidiendsnunyuisuiiazein lWiiifiduan 9
yrasn1sneaselsabui

) Jumswdalwiwuunsgagldluginineigg dasannisneasiessuy
angdsliih wazannisgaydelniihluszuvaneds

5) asusela mndinsvelnaulrunnisiidn

6) A519ANUTUAINIIAUNEINUIARAUSENATIR wazIvannzlansou

3.22  donvualun1sAnnINEaIULAIRI NI NAARTUURAIAT
NUILING TN UTILY AT UITYNEINUTTUURH UG AT WA IR TN LYY

fuszuudmiigludnvaueiunugaduafindfnseuunaiadmivinuegedy uazuka

[ o

WwankawINndlvuianidainisnanfnasliiy 10 Aladnd Fanudefiinuanisvasygyn

U a gj L2 ¥ dgl dl 1 a o U ra a o U
zHOIRARIUUNAIATUIUNUALIAY 160 A191905 wazdmidnldiAu 20 Alansusan1sng
wes 3eagldiiodndumsaanlastnu/enas nsinfnsgadiasefindaunsafnnslauu
WU MIUURRIATUIY VUKSIAILT990AT0 VUWAIAIDIATTAN & Lazsiitan1IRAGILNY

12 A ¢ v I3 ° A Y] a yal & o o s
LaﬁaaLLﬁQ@']‘VW]UQ%W@QL‘U‘UG}WLLV]UQVlﬁ']@J']iﬂTULLﬁQ@']VlWET/LWWWa@ﬂVN'Ju Iﬂﬂ@@ﬂlﬂuaﬂﬂ@jﬂ

' '
A

A519130@99090UlAUUATILEID1ARE TngUnFkaIN1SARRILNaakaIa Rndluilolne

[
Y

DyUNISAAAILANUNTV DN AALAI AR gRUlUN197AALS LHpI91nA90RgLLARDUN
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INAFneIuaan N Ranz TuANlAUPAaUNDDUNALA UBNANNTAINUANRNLDEIVDILNIAISI]
ANUAIATUUTTUN 15- 20 DIFNAUNUAY bWV L WEIB1NNENTENUAIRINAULNGTAE
wasorfindlugasiiedbiunnfiaavinilulules lnenishadaunaeaduasofinduunasnitnu
¥ ) I~4 ¥ o dl 1 1 q"
wanaziawinsueayyInkazsilulunudeiimuanisiaudessuulassieliii gaag

nanddluidedaly

3.2.3  dafmuamsivensasruulasetngluivasnisivihdiugiinieg

' o
fala g L% o

n1sfnfanduLasindNRnfuundiadmsulituegenfeuaziiouss
szuulasangliinesnisiiirdugiiniatudnluassdesdulunudenmuanisidense
szuulasainglii woa. 2559 (szilounisinihduginiaiidiedeivuanisieusessuy

[

Tasatnelih wa. 2559, 2559) Geagulanmdndng s

1. damnuananaila
1.1 ussdumazanmd
LsefusazAINfvessEuUNAn i vosndnluiiauiadnuin
srfendriuldiussuulassnelniiwesmsinihduginawazduluauszideunsini
dugiinaisedeimuamsideudesyuulasseliih wa. 2559
1.2 g3ueiln (Harmonics)

izuumﬁmiWﬂfmmﬂwﬁmimlﬂwmmLﬁﬂmﬂwé’faﬂlﬂa%ﬁqmzLLam%ua

=D

nieiihgszuulassnglaiinAudnaidaidvualy awszideunsliiduginaiadiide
Forvuanisidenseszuulasaieliiin we. 2559 dmsunisnsiaiafiseiuuseiudug
usnilaainderivuadhaduliivisnmsgiu IEC Tmsngaunls
1.3 usadiunsesiion (Voltage Fluctuation)
seuundnlninvesdndalvfinauiadnuinazdeddinelminws i
nsziieuAudndrfaiidmualinussideunsinindugiinainmededmunnisidesse
szuulasetngliih w.a. 2559
1.4 ms3nelwiinszuanss (DC Injection)
seuundnlniivesgudnluiiauiaidnuinazdaslignalaii
nszuansairgszuulasagluinfudnadaidmunly auszideunsiniidiugiaiad

mevafuuANIsausassuulasatg Wil w.e. 2559
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1.5 nMsAauAumaslnisueniin (Reactive Power control)
seuundnlninvesdndnlnirvuiadnuinvsdesaunsaniuauda
Uszneuindaniedndalnliiiduoaiiniiienuissduuseiy o 9aseiden Tiegluinmue
1n55UYes na. Tasszuundnliivesueliuinsagsiesiianuanunsadanigei 3.1

¥
v A

NU

M13999 3.1 MsmuaumiUsenauliinmdesseuundn InfinudwnusesAuls iy o 9n

U d‘ L2
ADLYBUNUTTUUYDS NNA.

FEAULTISU 2l 90 PCC * AT buNMIUSY FBnsAIUANMATLHh

A1 Power factor Suenin
1) SeRULIIFUs 0.95 lagging to 0.95 muaulaegeoy 1 35 Ao
2) s¥AULIIIUUIUNG1NTD | leading A fixed displacement
seauusiugs (Mawdn | Juseheles factor cose

Anmakiliius00 Aladng)

3) SEAULTIRUUIUNA1IUTD | 0.90 lagging to 0.90 muaulaegtes 2 35 Ae
FEAULTIAUGS (AGInER leading 1) A fixed displacement
AnRannnan500 Aladed ) | 1Wuedwitiey factor coso

2) A variable reactive

power depending on the

voltage Q(U)

1.6 N1sA3uANAEIlNN (Active power control)

syvundabnivesiudnliirvuindnuinagdesaiuisalsuan

o < (3 A 4

faslniihenn 100 Wesidud indeaudilesidudld lnvanunsausuanmdslnihegnelies

[
[

Asay 10 Wesidudsewdl nalnsdifaunnisaiiaunlussuulasengluiviewenisel
g Anstifdruginiefiansanudiiuinfnansenudeninulasndeuastatesninves
szuulasanngliin msliihdugiinirasudsay/viednsiisuaniaslnilaniuning

LANNEEU
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1.7 anuauisalunisnuseansussdiunndivaey (Low voltage fault

Ride through)
szuuRdnlnfiveskdnlnfiuuiadnuinazdedlivandueteanain
szuulpsenglinnglunaifidivun vaziaussiunndrvaglussuulasanglnih Tne

o U L ! d‘ U d‘ U &J
NMAUARIUTEAULIINU U YAABDLYDUAIATTNY 3.2 AU

AN5197 3.2 528EaNTEUUNAR TN U150 NUR AN IZLSIAUANTIVUL LR

JEAULIIFU 04 A PCC Duration time (3u1#)

1) SEAULTIAUR laldpans
2) SEAURSIRUUIUNANYTOTLIULTIAUG

(MdananfRnmaliiin 500 Aladtne)

[

3) SEAULTIAUUIUNAIMTOTEAULTIAUGY | l95UT 2.3

(AAINERRAAININAIT 500 AlaInA)

A
usiau (pu.)

1.00
0.90 |-gm--|--- B H 8 &1

davlinlaaess
(Must not disconnect)

05047y

armdanlees

(May disconnect)

ofog p 281 (Fui)

0 0.15 1.50

JUT 3.2 9 MUEAIANLANINTA UM IVUABANTITLTIRUANTIVY

18115809 UL IR uRILaLIIFuLAY (Under and Over voltage
protection)
szuundntiivesrdnlnivuadnuinazdesUanisesesnain

szuulaseelii wnuuinuealssu Line to Neutral Tuszuulassinglvifiaresnuen

Hanseylinunisem 3.3 Al
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M15°99 3.3 srezliavandasilenseiulieglugiusaiuiiin

FEAULTIAY Q4 APCC JLELIAIAA9T (FUIN)
V < 50% 0.3

50% < V< 90% 2.0

90% <V < 110% LssfuhauseLiles
110% <V < 120% 1.0

V> 120% 0.16

1.9 n1stesfuaiudfiuazaa1udiiy (Under and Over frequency
protection)
szuundnliivedndnlnihvwiadnuinazdeslaniasesnain

szuulasednglnihnnely 0.1 Funit dierudiigaideusiedialsiogluts 48 Hz - 51 Hz

1.10 msdesiumsanglwvuuussuulniinenlan (Anti-lslanding)

iledesiulallmAnnisinsliuvuszuulnihuenlanluvug sy
lasagnglilsiindnlvssuundalnihvesindnlniuuiadnuindanisasesnainssuy
lassteliih anelu 2 Junil

1.1 nMsieusenduiuiigssuulasadisluiln (Response to utility

recovery)

mwé’qmﬂﬁiswmﬁmlv\lﬁw@qé’wﬁmlvdﬁwmmLﬁﬂmﬂﬂaméhLEN
sonanszuulaseglili esanidalwihdundeussiu/anudlioglutisidmun e
szuulassngliinguidngannglnfuaissuunanliihvesdnanliinvuindninnazdes

winans@ensenduidngsyuulassingliihdunategites 20 Jundita 5 undl

2. Farviundue
2.1n15A983AU (Earthing), n15U93Aun15802925 (Short circuit
protection) kagn1sAnadULAEN15UanAdU (Isolation and switching) 1ﬁLﬂu1Umﬁmuﬂm§§Wu
I[EC 60364-7-712
2.2 ms%’mmLLazamé'T’qm%"aqi'mmmwlw% (Power quality Monitoring)
nuszdoumslidugiiniaidedermuanisdeusossutlasstngldi we. 2559 du

Andnlninvuadnunn 9Aaadan 0anuuy warRnrasEUY Monitoring Systerns d13u

AN sinidruginiaauisasengUeyaluguiuuiiaiase (Real time) W1u

Y Y
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szuvBuwesiindsldundeya ussiuluin nszudlniihaanudlvih mdalwih fuszneum
&4 THDv, THD, Pst, wag Plt LHudu samﬁy’q%é’aﬁmﬂswUqwuwamim5’;&1*‘J’mﬂﬁumwl‘vmﬂmﬂ
PQM mswuutlefumseguuuuiimsliihdrugiiniaimundulszimnifen
2.3 gudalwihauiadnuniiiadessuundnlaiiannd 56 Alated
faaiiszuy Monitoring Systems imslfindugiaiaasnsadongdeyansnanluiily
5ULUUIA1939 (Real time) siuszuuduinosidnuiouonnaiatusiieg dsldundeua
aaluih waseulnih puduuaseniing gaumgd (Jusiu
2.4 dmsunmsdenlesluszuumitoussi 380/220 Alalias
2.4.1 yuafdmanfassruvessruunanliinideuselundoutas
Smiroussiazdeslaifu 25% veswuiafitaniouas (mieduflahad-wosudd)
2.4.2 vinfdssBnfakssmassruundaliieude 24.1 Fousie
WAudndain 25% vesvunafidandioutauds dudnliinazdesluieuseluszuuaiming
w39 22 w30 33 Alalaad lneguanlnfhazdesduddanmdoudasimurewasaunsal
Jestumuannsgiuvesnisiniharugiinimseld
2.5 fuanlihvuadnannselenliiudedmuamaneiagueliuinng
wfosinisdnvuazuilonansenuidatuiimndauandufesinisuiuu sy
Tassirelaivguanlvivuadnunasdessuiinoudildinefiintu fainislwilidu
plinaveanuavsmsinsaneygaliideusoruszuulasengliinduseg 1
2.6 M3lwihdrugiiniaanudvsluniswasuuasiefmuananaia
muAINzaLLiienuasndsaadeiielsvessruulasang i wasnaussloviise
dusauduman
Tngainesdaufiisriutedvuanisidesdeszuulasstiglnivesnis

(%
v ] v Y

Infdugiinia dmsunsienandinukasaingnfnnsuunasndmiuituegendunag

Y Va o

wensieszuulasaglihvesmsinihduginiatu il ideladnlaifediussuuung

Y

= 1 [

waduasenfindiauseltiiusruuIminegluaansainesfauinena i u U uag

WU Inednusiusunanle

3.3 n1swannsealwinalewadnasainduuusanussuuamuie (PV Grid

connected system)
nsudnnszualiihsisunaeaduatofinduuusdeiussuy Wussuundalninfgn

sonuwuudmsundnliiiiugunsalidsuszuulniinszuansadulninszuaaduidng
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seuvaneasbilinlaenss Toudnlninlusiiio s anun N8ssuua U8 WAL SEUULERS
Wwaalkaseindidaunaiiinusruusuineg duluglussuvazdsenoulumoinaigag
WAIDINNY 19935nTEsuLsIsUlNTNNTERanse 299stUAsulNH N wanse T Tulwda

nszuaaduNanunsadeNseiusruud el wandladagui 3.3

J_ DC/AC Converter /
DC/DC Converter Y
T (Inverter) \

A AC Grid 3 phase
PWM

PV Array

MPPT
— 1 Controller [*——

Controller

JUN 3.3 nsuannsualiisgunseaduaseninduuusieiuszuudmiing

13U 3.3 syuviifiansanduliuseaduasenfing 1oudefuasasinusedy
wssfulninszuanss Gnaasinunseiuussiuazdesiifauaunismusosgaindsgagn
iislfanansafsidsnugeaaiunasaduaseniindndsle a anadunas uazaninuindes
vuzdunldenliAaussansnmgean uandeuderuanudsulifinszuansslndulwit
nszuaaduiiannsndeuseriuszuudimieliiild Tngasesfinanazieserdenisaiugy
wagimuay lnsfinsindussiutazalniiiannisiviiiiesddiszuuaunm ey
Tasanunsandnliindisidnwasmiloutulniivesn sl vl inaaldanua
wanwaseindanunsaleuliiussuudmevasnisinile

NnnsdTimbhssansslularaAfeifndestuandasulrinnszuanss
T dulnihnszuaaduiiannsaidenseiuszuudmielidh (Grid tie inverter) Lty
dlaiertunssdanssualiihdsunseaduasenfinduuusefussuusimineniniy

aAunsanuslsendunesnastiaausanusruuI U las e 3.4
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3.4 29sldsulndinszuansslimdulnninseuagauiaiuisadousanu

seuuImnglwin (Grid tie inverter)

raswdsulninssuansdidulninssuaaduiidoudesussuus mung i wie
Suneswesrindousafiuszuusiviie fnihfiuvadiiinssuansianurasaduasending
TIulninssuaadu auvunausssulazaudnisons wavdadhasddliildoulswui
suEnsadnEnsERULSIRUTeentiae uiiseuvidhesiinsiasundas Tngasdedld
uwsssusedsanlnihnssuaaduresnslnih wasndnlnifiddnvasmiiousulwihvesnis
Tl Vil finanldanwaduasofinganunsasidnlusulnihvosmsladinlg Fenns
nanlnlihanunasaduasonindtaudunsuanlniuas9uilnglddosdrsedusunnes
MnNNsUTTmhsIunTskazeuiTe iR desluefnanunsnasudunesinesuuuideuderiu
syuus gl mufidasdsliiih wind weznnsideusousssulnihudnmaResedy
L

34.1 Buneiwmesviadeudaiuszuusming

SunesmesvindounafusruusIuuy IMnsUSTATITIANIIULY S

panidu 4 wu LLazmmmLLammiLwﬂﬁnﬁmaqauL’;a%mai%mGiaﬁmsumi’mmsﬂﬁﬁqgﬂ
734

(% o o (3

1. BUIBIMOITULAYT (single stage inverter) AnanadlWin 1-10 AlaTnd

v

TnausznoulUiieunsaduatorfindmafunals q wua (PV string) \iousefiuiasiudsy
Tifinszuansslifulnihnssuaaduiiansnsadeusofussuusminglwiisawuy 1 wia
wee 3 i szdiuldindunesmesiuuivrlifhaestnusy s uliihnssuanss
2. dunesimesansii (dual stage inverter) fifamasludi 1-10 Alatas Ine
Usznauluimeusasaduasenfindrefiunans 4 wkd (PV string) Wousefiuianssnw
szauuserulnihnszuanse wazasasiUdsulnihnszuansslindulnihnszuaadud
annsadeusefussuusmgliiianuy 1 wauay 3 wid

o w

3. BULIBSIADSNANBEn3Y (Mmulti-string inverter) WARA1aelWH1 10-30
Aladed lng 1 an3sazdsznaulumeunigaduasoningsonunas 9 LHRaiuLuy
pynsufiaifinussdulii mnduideudefuisnsinuszduuswiulnihnszuanss
afafanss Aonsinensasinwssiuussdulilihnszuansimane o yaundouse
ddeiu Mndudesidoudofuinsdsuliinnssuanssdidulifinssuaadud

anunsapusaiuszuuImue TIRakuU 1 wakay 3 wa
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o w

4. BunesmeasAudnand (central inverter) inamasluinsaus 30 Aladnd
Ul TneUsznoulUmsunewad a9 ingaonuluuesisonas q WNawuuTuIu
waroyunsy tiaiuussulniuaznszualii andudeusdeiulitesiudeulni
nszuanselidulvinssuaaduiamnsadsuneduszuuiininelvin 3 1
a I3 6 a &J (2o U U >
funesmeivdatazliihnsinnseaunssiulihnszianss

1NN15USTALITIUNTIULNYINUDULIBSLADSTRALYDUABDNUTLTUUINVUY

(%
[ a (Y [ a

971984 T191UITINYITNUSAIITUI N1 ULEID NN NAAGIUUNAIAANAR1a 9 LH it Au

§ ¥ v a v o w

10 Alaiwd seturinuesduaswasimanzaufuitandsluinfandnn Aeduiaswmasdu
W8 AYAUIBDTLMDIEDITU DNVIANNNNTANWIDULIDIMBIVNIFDITLANU WU DULIBILHDS
JuLien 9zl SneseauwsIsu NS ehanse TuaA995299sUdsulndnsswans v

[ v A = 1w [ 1 Y = o Y Ay v &
L‘Uu‘LW‘WWﬂi%LLﬁﬁﬁ‘U‘V]ﬁ']?ﬂiﬂL“UE]MG]@ﬂUigUUQ'WM']EJl@ mmwmwlwmﬂwma VNG RFMPIY

[ [ [y LY a

AagamdalniihgegnannunasaduateIing SnuseAuLTIRy AuALasNan i nian e

q
I [

wislaunulndvaanislui dsduluanudteine1dnusIudan@neianisdunosmaswuy

i
=

JULRYILTIN

Qe

342 wlavesduneiinestuiien

silnveiduidnestuie) aunsaulwinsunesnosldvarsuia Toun

1) funeineivliiaunasansnsssiu (Voltage Source Inverter)

2) dunesinesylaunasingusnuIniuduesinessiavengussnulni
n3eLanId (VSI with a Boost Converter)

3) 8uesinesrlaunaidnaussiusiuiudiivuszyluiiinszuaady
DUATU VS| with Series AC Capacitors)

4) BUNINBTIUALMAINTELE (Current Source Inverter)

5) duULIBSIARsYLALNAITI8NTELESINAUDULIBSIMeSYinanney
ussauliinszuanse (CSI with a Buck Converter)

6) Buesinesylaunaidtanszuasaududniuiszyliiinszuaady
aUNIu (CSI with Series AC Capacitors)

7) Buneiwesvidaunasitsduinaudsidadoulssdulmpedance or Z-
Source Inverter with Voltage Fed)

8) duesmosviaurasteduniuaugsidatounszia (mpedance or Z-

Source Inverter with Current Fed)
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FIlUIIAIN TN USILLANUSTIATNTIUNTTY 3 FUARD DU HBSINALNAIDY
LSIAY ALDULIDILADSTYUALNAIIIUNTEWE LALDULIDILADSTRALNAITILDUNLAUT LAY
a I & a 1 1 [y [~ d'd % 4 dl’ Y] o v d' = I
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nuvesBuiunuddumieni duiulseg uazlalen daufidedvinnsuiouiisudes -

&

< [

ULAUUDIBULIDSLADS AR T RALAAILAAINI15197 3.4 L TuwuInelunIsAnwILaLIve

dunesmasiuuausanuszuuIrnelusuIanle

A1519% 3.4 1519 USSULTBUTDR — T0LEEUDIDUNDSADSTLALNAIINELTIAY LIAAIDNE

NSEWE LALLUAIINUDUNLAUD

YRAVBIDUNDINDS
a [ s a 6 6 a 6 6
dULIDTLNDS AUIDTLNDS BULIBSLHDT
YUAWRAINYLTIA U FUAARIINYNTE WA YRALNAIILDUNWAUDY

dunmvasdunesinesviing
Duwsssulninszuansei

\Jupaed
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USuanlaanunadang
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A1519% 3.4 ANS19USIUEUTDR — UDLAUUDIBULIDSLADSTRALNAIIIULIIAUY LINAIT Y

NSELE LALLUAINUDUNLAUD (51D)

YRAVDIBUNIBSI MBS
BULIBSMDS BULIBSMDS BUDTMDS
FUAWRAINYBTIAU FUANAIINYNTE R YRALNAIILDUNWAUDY

BULIBSLABSTLALNAIINY
LI UADITEAULTIAU LN
AudunaNINninvinlines
AOLNILGARWAIBINAE LU

° ~ P
AUNIUIUIUNINLNO I
wsePulnd nszwansa

LWNEIND

duLsinesTiaLratdeY
NITULAADINITTLAU
wssRulniniudunalaigs
Sehlinssuailvanuieas
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—® Current fed > Other Z-source »-| _ Switched-inductor Z-source
- Tapped-inductor Z-source
- Diode-assisted quasi-Z-source
- Capacitor-assisted quasi-Z-source
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- @0719¢ non shoot-through

Vi =V, = ve (4-1)

Via = Ve
Vey = Ve =V = Ve T Ve,
Vdiode = 0
- @n713% shoot-through

Vi =Ver tV, (4-2)

Via = Veu
Vpy =0

Viiode = —Ver + Vea)

ANANNITA (4-1) hay (4-2) AATITNANUFTUNUSVDII995LUAN1IE non shoot-

through W&y shoot-through lag

Avual T A9 Awnanaing
T, A9 munantuan1g shoot-through

Ao m1uLIaluan1g non shoot-through

nsh

Tu@n11 non shoot-through 9¢la 7, =0 wazluaniaz shoot-through 2zla
T,=108N T =T-T, wlannuduiusves v, V,,.Ve, Ve, kasl,, Wan1e non

shoot-through Way shoot-through Faaunn3i (4-3)

T:vh (I/m + VCZ) + T;zsh(Vin — I/Ll) (4‘3)
T
— th(Vd) + T;zsh (_ch)

VLI ~

VLZ
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4.3.1 uwuuinassluaniuzaga (Steady-State Model)
nMsmKkuUIIaes luaniugegiivesdunesinaiunaidngduiiuauduuunie
lod fA1sauna1nisasauyalusufl 4.5 uaziiteliiedenisfionsandmunld L=1L, = L,
wag C=C, =C, é’qﬁ?ummﬁaL%sJuLLUUai"]aawwmaﬁmmamﬂuamwagﬁ's X = Ax + Bu
Ya4lMAnN579Uan1IE shoot-through Ledsaun1s?i (4-4) uaz non shoot-through 4

AT (4-5)

x=Ax+Bu
@ o 0 % - (4-4)
. 1
I —(R+r) 1 0 U 7 0
l.L2 _ L yi. I 40 o0 |:I/mi|
Ver 0 Lo o] |o ol
Vea | ¢ Vea 0 0]
-—— 0 0 O
L C J
x=A,x+B,u
R+ 1] 1 R (4-5)
_ L L L L
Iy —(R+r) 1| R
; 0 NS 0 ; 0 Rz
L2 — L2 + in
Vea ¢ Vea c
0 e 0 0 0 AL
L C J L C

NAUNTNE-4) wa (4-5) Tianeimeanuduiusvesuuitasdluaniugegives

11ANT5Y19IUEA13E non shoot-through wae shoot-through Tuguwuuilanduaniugle

94
x=Ax+Bu
A=dA,+(1-d)A,
B=dB, +(1-d)B,
dle  d k) ﬁﬁgé’fﬂmﬁwﬁiuamaz shoot-through (shoot-through duty)

1-d ﬁaﬁﬁgﬁﬂiwﬁﬁﬁiuamw non shoot-through (non shoot-through duty)
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—(R+r) ,  d-l d (1 (1-d)R] (4-6)
, L L L L L
iy “(R+r) d d-1| i (1-d)R
: o T4 a7 0
iy |_ L L L ||, L {%}
L T A R P S O (S
Ve, C C Vs C

4 1=d ,  4-!

L C J L c |

uazdsyuuifiansanegluanuzogin
X=AX+BU =0

NNANNsT (4-6) L6l

- d-1 - 4-7

(RL+F)[L1+( 17 )VC1+%VC2+V;n+(1 d)RIPN:O aat

_ d-1 -
MILZJF%VCﬁ( )VC2+(1 ]fl)RIPN=O

(1-d) d (d-1)
ILI_
C C C
d (-d) (@d-1)
_Elu C IL2 C IPN =0

dl U ¥ d‘g I 1 L L 4 dl ¥
PNANNITN (4-7) Iaglaunisvela v, V.., 1, wee 1, Muagiuariginsmiile
Y Y

Keaunsi (a-8)

1-d (4-8)
V. = V. =V,
Cl 1—2d in 22
d
c2 1—2d ™ 2
1-d
I, =1,=
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< 1-d)(R+2DR
oy, LRID,

nkuuItaeduaniusegiireiduiesinosunadneduiiuauduuuaiolen a1n

= a a s s ! ! a a s (S
aun1s9 (4-8) mniinsanliluleasdunesinesunamieduiiunuduuumelydlidaiaiy
a

AUNIUYRIRIAUUSEY C uaz C, (R =0) Tuieas dsduatuseiur,, Tuaunisi (4-8) ay

Aviniueud vier,, = 0 ldaunsArigansuei v, wagr,., f@un1si (4-9)

Ver Zme

_d (4-9)
V., =—1V
C2 1_2d in

Feen V, waz V., awnsainldldinuanisesnwuuaiusisusunaiasainins

NUNNUDIDUIDSLNDS WAL DUNWAUTRUUAD LA

4.3.2 wuUUINERINAIN (Dynamic Model)

PINFNAITN (4-6) WILUUTIBBINATRVDITZUU Wt lulgluniseenuuuda

AuAx Taarinnuali

Y o Q -~ A A r
pakUsanIuy gy= [zu P g vcz}
a A A A T
DUNA u= [V 1 PN}
AT dnsntig d
wld Fi=A%+Bi+[(A,+A,).X(B,+B,)U]d
~(R+7) 0 d-1 d i, | [1 (1-d)R V., +V,—1,R (4-10)
ol 0 Ren d o d=tf ] 0 (=R [V, ]Vt =R |
1-d ~d 0 0 |[5., | |0 d=1 |Ly] |~Ly—1,+1,
~d I-d 0 0 |[p,| [0 d-1 S P

anmuai v, =V, +V,, — I, \R wag I, = 1,, —21, 39naun1s# (4-10) i3

wlasauaw (Laplace transform) wasaunisaanaraiislulaaunisnelaiuueansi
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A A

sLiy, () ==(R+7)iy, (5)+(d =1)0, (5) + ¥ (5) +7,, () + (1=d) REy (5) +V;,d (5)
SL{LZ (S) - _(R+r);L2 (S)—"d‘;cl (S)+(d _1) Vs (S) +(1_d)RjPN(S) +V11‘§(S)

(4-11)
sCv,, (s)=(1 _d)le (s) —di,, (s)+(d —1)iPN (s)+lllc;’ (s)

~

SCV,, (5) = ~diy, (s)+(1=d) i, (s)+(d =1) I, (s)+ 1, (5)

PMNAUNSUUUIARINA TRV sUUNSlaluuealuaunisi (4-11) @UTOLEAINTIN

nslvavesdayeyiad (Signal flow graph) Heﬁgﬂﬁ 4.6

JUN 4.6 nsmimsivavesdyaruduneiinesunaieduiiuauduuunialen

PINANNITUUUTIa0INaTaURITzUUNISIaLIULaLaznTINANT Inavesd gy g
dunosimasunasanedufikaudiuuale lwainuasiaduknuiawuuiiaswmainvesszuule

flaguit 4.7
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V. (s) > Gf
P (s)— G b.(5)
d,(s)r+ Gy
- G
> Gz%,, fL(S)
. Gd

JUN 4.7 unulsuansuuudnaesmainvesszuy

NFUN 4.7 anansauansaunisuuuiaesnainvesssuy G ,Gr,Gr, Gl G}
in Lo "\ in -

LAy G;L Igeaaunsh (6-12) 89 (6-17) anugsiu

1-D,)(1-2D,)=LCs*(1-D,) (4-12)

i _(
= (LCs?+1)(2G5% +(1-2D,)')

A
Vin

o> R(1-D,)(1-2D,)-(1-D,)(Ls+r+R) (4-13)

i

LCs* +C(r+R)s+(1-2D,)

G\), _ (Vcl +Vc1 _R]pr1)(l_2Du)+(1pn _ILI _]Lz)(LS+V+R) (4—14)
‘o LCs* Y C(r+R)s+(1-2D,)

(LCs*+D,)+(1-D,)(1-2D,) |Cs (4-15)

Géé = 2
" LCs*+(1-2D,)

:  R(1-D,)Cs+(1-D,)(1-2D,) (4-16)

I
i

m  LCs*+C(r+R)s+(1-2D,)’
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Gh (Va+Vy—-RI,)Cs+(I,, —1,-1,)(1-2D,) (4-17)
o LCs* +C(r+R)s+(1-2D,)
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1. MIAIVANYEALULINE (simple boost control : SBC)

2. MSAUANYARLUUANEY (maximum boost control : MBC)

3. miﬂw@uyaﬁmummﬁq& (maximum constant boost control : MCBQ)

nsAIuANd YU IEIngl LA IS uANAN Y LTBINN1NATIYINTUNTND19B
Fyaraunsaiadiianndya e ininsvtinluan1ig shoot-through wasdmyaymusnu

a v a

g19demewmailafiduidagidy (Sinusoidal Pulse-width Modulation: SPWM) wW3guiieuriu

[
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4.8
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=b.

— — — simple boost control (SBC)

maximum boost control (MBC)

----------- maximum constant boost control (MCBC)
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D,.=1-M @wld V =1-M uaz V,=—(1-M)

— — — simple boost control (SBC)
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maximum boost control (MBC)
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SBC MBC MCBC
D 3 3M 1— —‘/gM
max I-M o 2

1 T 1
B M —1 3W3M -« J3m -1
M M M
G M M
e 2M ~1 33M -~ 7 V3M -1
4 3J3G
v 2G-1 1 3G -1
0.7
06[s S C
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a,s’ + (b1 + cOKp)s2 + (c1 + eOKp)s



60

NANNTN (5-6) wag (5-7) AMNTTmesveIRImuANilte TAduUseansvasiay

(num) wagAduUsEaNSURIdIU (den) Aaguns? (5-8) wag (5-9) suaifu

num_K ., = [, e O] (5-8)
den — vacd = [al bl Cl + COKi eOKi]

num _K, , =[c, e] (5-9)
den K. ,6 = [al bi+c,K, ¢ +eK, O]
91naNN159 (5-8) waz (5-9) Aduusednsuedrvuazdiuvasimuauiiuazle 1nly
a1 un1MlaiaveesIn lngo AN T esUaIssUUAINIGTINN 5.1 5IuAUAIET rlocus
Tu MATLAB wagmamsiiwesvesimuauiilefvunzauiunismiuguusinulninve s
< = [ Y [ Y < a
AUUsETeausauans ununnladavesdinuauwsssuliivesiufvuseqlulnundase

(3

1Afam19199 5.2 dmsUsTUUNRITANAIMUATALSIAUTNIALANIAY 120V, WazlNILTad

waseindiArnasluindung 4200W eyiN1509NKUUAINITIABSYBIFIAIUANT

WLNZAUAUTEUUAINED

AN 5.1 AINNSITLABSVISEUUNNTAN

EAEGEIGI ATNNTLRDS
WIIAUBUNG V et = 250V
Masluidune P, =4200W
L3suTinga Vi =120V,
ALAYBITEUY f.=50Hz
uAulsy C=C =C, =400uF
Ausumungluiuiulseg +=0.030
franieni L=L =L =0.5mH
AUAuUneludAitiein = 0470
fnilenineaeasnies L, =4mH
AUATUNIUVBIINTINTOY R, =0.05Q
FNUUI2UDINIINTB C, =50pF
ANUFUNIUYasraalni R,.. =20Q/ phase




61

A15197 5.1 A1 BSVBISTUUTNINANSTUN (519)

J18azLdYn ATNISITLRDS
Funieaiveanin L, =10uH
AUAUTTUVDINA R, =0.2Q
ﬂuﬂuﬁmaqé’@mmeWﬁgﬂaﬂuLwﬁam f.. = 10kHz
Afndnsuiing D=02
nsziavodlnan 1,,,=8.6A

13991 5.2 wnunmilafaveswniuguusssiulnivesiuiulszqlulnundasy

AIAIUAY wHUN A aYeIsIN

AanuANIIaul e 967 -

Pole-Zero Map
T H 1

Wudsey 9naun1si (5-8)
vuai
K

ived

K. =[0.001:0.001:0.1]

i Incre;ise K,
: v
R

=0.1 1A1AN

imaginary axis

wo\\1V ------ e T S

i I i i i i
0 <300 -250 200 -150 -100 -50 1]
real axis

1500 i i i
500 450 <400 -3

Mnununmlafavessin wudrhumisednauazdlsiuegfumsfines K, uay
K, nsmmusdnsidiunimi wazimuanatlunsdinaiini dmiusauaulu
Inundase fim151991 5.2 faaugquissduluihvesiiAvuszgsunssuanss a1uide
MNUSAL AMNUATINENDUAUDIVDITEUUTTATIEIUNTUUNUUUMITINGS (£ =1) baz

Y39:38°477 (setting time) Wiy 0.1 U9 (T, =0.1s) andunisasiaununmlanaves

o |

nvgimuald K, , JA1ee waydsuan K, Asus 0.001-0.1 egMI9LAUYeIIIN 210

d' o 1 A ) ! a a4 = 1 a o LYY
#1919 5.2 G]’]LLWUQI‘W@VIL‘UUﬂTﬂix‘Wlﬁ’e]ﬂﬁﬂﬂiﬁ]@‘Uﬁ‘N’eNLLUUWL!’N'JﬂQG] d1IUNIAIVAL

] o

wssiulihvesdaiulsey Ae s =—40 dmsulnaadetouiiodneglnaainunu jo Il

| a o 1

PIUINDITUT FENIITUILALNAAIDSIATILAUILANLAET LASNFAILAUIRINA1IL A
K

pved

S Ly 1 a

=0.005 lo K, , =0.1 Wadudua1misdimesvoiiinmuauiile a1unsosaniug

I
v

MsneUaUDIveITEUURdunaLUUTUUlanTmevesimuanlafIsun 5.12 31n3U ag



62

WinleinaneUaUIUBITEUUTINTIEIUN IUUNMUUNUITINGALAE YA DT 0.1 Fund

P Y]
Auneonwuul)

Step Response
[ —

o o
® ©

= o
) ~

T~

Amplitude
o
N <
\

=]
w

<
[N}

<

o

o

0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
Time (seconds)

JUN 5.12 naneuauasisdunswuutudulavilvihevesianiuay

wssnulviweiiAuUseq

andudnlufiansaudinIvauaunsruagaululnundase IngununInueIseuue
fnsanuandldfagun 5.5 anguasiulidn mIruRuLsIiuLdNRveLesiTaes
BuneimeiargnaluauiIeMIAIUANARIGUULLNLART gunIziavesiuiulseq (i) gn

AIUANMEMIATUANTILEALARITUT 5.13 uarguuseiugnaluauelgfnuauiilouandle

a

AIUN 5.14  anunsawansmsmilandudngleuvesiimuaniunssuaadululnundassle

De
=Dy

ic '* - ; ic:j -
> K " Ls+R, g
Jj=d.q P.

JUT 5.13 WHUNIMEIAIUANNSEHATDIRILAUUTEY



63

INFUN 5.13 IganunsaTeunansaunisanvugianzgunsziavesiuiulsey i

1 (5-10)
1+Kp — =0
Lfs+Rf

31N@uN159 (5-10) AMMI5ITLADIVDIFIAIUANT TAduUTEENSvaAYLaL AT

duUsyansvesdlIu Aeaunsn (5-11)

num_K . = [1] (5-11)
den K, = [Lf Rf]

dwsuguluvesiiniuauusaiy LanlaRuEUNINIUN 5.13 n1sRaug Uiy

wagmmualinszuadnaiawiiu 0 4, =0
ioJ:o
Vo, j
Vo K | de) Vi : ! iy o e | 1| | Ver
! Kt ™ Ky —’_’é} " Ls+R, N les [T
Pl § P.
J=dq g

U7 5.14 usunmdneuuguuseiu e i, =0

NFUN 5.14 nMamileddunisaigleuvesdinivauguisesiuazldngueaudu
(Mason’s Rule) L111%78b U891 NHHUN M TFUUAIUANIANUTUTDU LAz aunTalleulans

aunsanwazlanzgUluresimuauwsiulafaunsn (5-12)

+ Klep2S + KiKp2 (5‘12)
3 2
L,C,s+(K,,+R,)C,s* +s

1 =0

Nnaun1si (5-12) awrsadudeuliegluguilandudrslowtalauenniuda

Usgnaunvuulansaunisn (5-13)
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L,C,s’+(K,,+R,)C,s* +(K,K,, +1)s+KK,, =0 (5-13)

= a = 1 a [ U = ¥ 6 o 1
1N@UNITN (5-13) WQW?MWLWB%W@WWW?WNL@Bi‘ﬂ@ﬂﬁ]’lﬂ’lUﬂ@JWl@ zlafenduane

Toussaunsi (5-14) uay (5-15) Auae

KlepZS (5‘14)

1+ S > =
LC,s’+(K,,+R,)C s’ +s+KK,,

KK, 0 (5-15)

1+ L,C,s’+(K,,+R,)C,s* + (K, K,,+1)s -

91naNn159 (5-14) wag (5-15) Amnsdiwesvesimmuauiile danduussdnsvaasy

LALANEUUSLEANSURIAIU AIEUNITN (5-16) way (5-17) ANUATRU
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1+ (Kp ., KT) (i )(ck)=0 (5-18)

MNauMsuUUTIaemaInYesTzuy G war GF luaunisi (4-15) uag (4-17) Tu
und 4 dhanunuasgunisi (5-18) azlaaunisdnvagainivgunssiulnidunea Tugy

Handudnalewalausnauiivsenaunyuislansaunisi (5-19)

a,c,s® + byc,s’ + (aoa1 +coc +aga K, )s4 + (b1d0 +bya, K, + aoalKi)s: (5-19)

+ (C1do +a,c, K, + boalKi)s2 + (bocle + aoclKl.)s +byc,K, =0

fe  a,=(V,+V,~RI,)C
bo :(Ipn _ILI _1L2)(1_2D0)
¢, =b,L
d,=(D,+(1-D,)(1-2D,))C

a,=LC
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b=C(r+R)
¢ =(1-2D,)

a P ! a s Y P Y] s 1 Y] al'
WgﬂqimqL‘W@V'W‘WW']T]NLﬁ@isﬂaﬂﬁjﬂj‘UﬂNWl@ ‘Uglﬂﬁﬁﬂﬂuaqﬂiau@ﬁamﬂﬁliw (5-20)

kA (5-21) anuaieu

(a(]als4 +bya,s’ +a,e,s’ + bocl)Kp —0 (5-20)
a,cys® +be,s’ + (aoa1 + ¢y )54 +(bd, + aoalKi) $7+ (cdy+ b[,alK,.)s2 +(a,0,K,)s +ayc,K,s+bcK,

1+

3 2
b byc, ) K,
i : (aoals + jals +a,c s+ Oc]) 1 i i -0 (5_21)
a,c,s” + bcys” + (”o“| +e0 +agak, )S + (blai0 +bya K, )s + (cldu +ac K, )S‘ +byc,K s

1+

NNEUN1TN (5-20) wag (5-21) AmnsEwesvessimuauiile JAdudssaniveaay

LALANEUUSLEANTURIAIU AIEUNITN (5-22) wag (5-23) ANUATRU

num _ Kpmd = [aoal bya, a,c, by, 0] (5_22)
den_KpW.nd = [alco b.c, (aoa1 +cocl) (bldo +a0a1K,) (cld0+b0a1K1) a,c, K, bgclKl.]
num _K,,., = [aoal bea, ac, bocl] (5_23)
den _K,,, = |:a1c0 b.c, (a[,a1 + cocp + aoa,KI,) (bla!0 + boa,Kp) (cld0 + aocle) b[,cleJ

91NAUNIN (5-22) wae (5-23) ArdudszdnivenAvuazdiuvesdimunuiivaszle
inldadrsununmlaiavedsin wagmiAmIsimesvasiiauauiilonvuzauiuimuay
wsanulniBunslulnuaeounaiussuudIniig Feau1sauaniunun1nlaiauesInga

mvauwssulnihdunalulnundeusaduszuudnning lananns1edn 5.4
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[
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a

anvaznzimmUANLTITUYesiaiuUsEqlulnundeusafuszuus g e

1+ [Kp + KTJ(G )7 (i7)=0 (5-24)

NANNTHUUTIRBNATAVRITEUY G Tuaunisi (4-15) wae T(i;
g

pn

o\ 3N2M
( )_ 4

WuasauN1sh (5-24) agldaunisanyairimaiuauusiuresiiulssgluguilidudielen

2Bangnmuiuszneumusildfsaunsi (5-25)
as’ + (b1 +a,c, K, )s2 - (bocoKp +a,c, K, + cl)s +b,c, K, =0 (5-25)

de  a,=(D,-1)L
b,=(D,-1)(r+R)+R(1-D,)

32M
Cy =
4
a, =LC
b, =C(r+R)
¢ =(1-2D,)

fsaiomAsfiwesvesiamuauiile aglafleiduaeloudsaunisi (5-26)

way (5-27) AUaInU

(aocos2 + bocos)Kp (5-26)

1+

a,s> +bs® + (a,c,K, +¢)s+byc,K,

(aocq + byey ) K, (5-27)
1+— > =0
a,s’ + (b1 +ayc K, )s + (bOCOKp + cl)s
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91naNN159 (5-26) wag (5-27) Amnsdiwesvesimmuauiile daduussdnsvaasy

LALANEUUSLEANTURIAIU AIEUNITT (5-28) WAy (5-29) ANUATRU

num K .= [a,c, byc, O] (5-28)
den _K, .. = [a, b ayc K, +c¢, by,K,]

num _ Kpm.g = [aoc0 boco] (5-29)

den K .. = [al b +awc,K, byc,K,+c 0]
dwsuguludimuaunszualiihvesssuudmhedaununmgui 5.7 vinsianan
mmuaunszualiihuagimualilssduednaiianiiiu 0 (v, |, = 0) Andlunismilandy
n13aeleurefiInIuANlagldng veLUFUAINITOTBULARIFUN1TAN BULLANTAIAIUAY

nszualnsinla@saaunisi (5-30)

1+ K, _o (5-30)
L,C,Ls +(L,R,+L,R )C,s*+(C,RR,+L,+L,)s+ (R, +R,)

[

d' ! a s o A oA a a i
A1NEUN1TN (5-30) ﬂ']W']ﬁ']ﬂJW]@iGUQQG]'Jﬂ'JUﬂﬂJW UANFANUSLANTVDILAYLALAN

duUsyansvesdlIu fal

num K, =[1] (5-31)
den_K,=|L,6,L, (LR, +LR,)C, C,RR+L,+L, R +R,]

NAUNTTN (5-31) AnduusednSvenavnardiuvesiimuauil iluasiawnunin
lafavessn uwagmArnsdimesvesimuruiinmunsauiuiaiuaunseualiiilulynun
WouraiusEuuT MUY P91 50kaAHUNINLaNAYe9TINAIATUANAUNSELadEY Ty

UL tausaiUsEUUINMUNe 1aRan1s197 5.5
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Suneiimesuvasedufinauduuumsludlnundaszuagivandoudefuszuusmiiely
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sheyaudonlniindslu Simulink vulusunsy MATLAB Tagldemnsiwesiaunuiladi
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6.2 VOBV
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el (Fuzzy Set) \unifvouwndinubou nuiiladivnazaseungu

nouianuuat tneilsdignsenlifiianuduandnvonsnszning 0 waz 1
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WRTALAU (crisp set) Aip LWATNNITAINUATOULYABE1ITALIU Tz T9RAT

ANMUTUFNT NN 0 wag 1 ity (ms5neudy) 1ee 0 nuneds nishiiduaudnveswas
waz 1unefs Mmaduandnveagnusnaileid

Y

a

Y

AN TNV TALIUAINTORAASLARIFUN
6.1 9ngudsnan Aramiluaininuedaan 4 Adundsiudsanndn x 1o q (u,(x))

Tuenanduimg x azdulumuaumsi (6.1)
w1y (x): X - {0,1} (6-1)

g u,(x)=1 e x ogluiwn A sgaauysal

1, (x)=0 1ilo x liegluwn 4

#(x) A
1 A
0 % X>

JUN 6.1 Madusnuazianzvesen

flaBignie wandanunauiaioliiinisdmusveuwaidaiay Aranudy
aundnannsafiinndt 2 A1 (assnevatesEdv) Tuegiuguseilaiduaudn Gegueiladdy
audniidenldfnaneguuuy 1wy faddusvanumden fleidusudmaen uailsdduzuind
ou 1wy dmsulushmetiaseniogumssiuieiistiennsdileidusiamimion Souans
leiwsgud 6.2 :ngUssnan Amanduasndnvesitedion 4 fisumisiuusandn x 1o 9

A111500A L ANTULALANAILATEIING 0 DY 1 A9aUN1SA (6.2)

f(x): X > [0,1] (6-2)
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oeh o, (x)=1 e x sgluen 4 egrauysal
,(x)= die x liegluan 4

0
0<p,(x)<1 1o x agluan 4 Ligau1ad

JUN 6.2 Heduaun@nvasila@ion guavaey

6.22  MANTUNITNNNITLT0
N13ALIUNISNHETER (fuzzy set operations) AzdlANNRUIELRIDUAY
wadaauusalradsfuariunneiu Inglwndaauaylinain fuusaundneguiolior
Tue (0,1) widmsuiledwnazlingin Mudsaundnegluwniessduannuduaudn
581319 0 8 1 ([0,1]) fArsandnndunsninen 3 JUsuu fie @ruidsdy (complement)
guiflou (union) wazBuimesiondu (intersection) #sil
Fauudy voslluian A(4) Ao iwaiszneudediuusandn x feglu

nanduins X udlilegluile@iaon A Eunuanaluduse) AU 6.3 Inerinnnudu

Y

[y |

anTves A(u, —(x)) awrsnduinldainaunisg (6.3) Faviusasieseninennii

\Wuan@niiu 1 Audsgiueanduandnvesiledion A(u, —(x))

= (x)=1-p,(x) (6-3)



84

JUT 6.3 dudnhuvesile@ion 4

msgiidey vesileTian A fuile@iun B (4U B) wanalddsguit 6.4 3103y
lananmansgllouvesile@ion 4 uar B Juszneumeiiwlsaundn x la 9 Ae fudiyn

] )

‘VNM&J@(&’JUVILL?LQ?)I@Sﬁ?ﬂ’]’mLUUﬁMW%ﬂ‘UBQﬂWiﬁJLUSUi nieiledign 4 uay B

= 1 d

(15 (x)) FoA1INTIgA (Maximum: max) Aldannisieuiisusenitediannmdy

audnvesiasiletion feanansarulsladainaunisy (6.4)

Hap (X) = 10, (x) Vv (x)zmax(,uA (x), (x)) (6-4)

lne?l v e OR FudunisiSeuiisumeannnggnszsninaile@ion

w1(x)A
AUB

JUN 6.4 Mseilleuvesiledion 4 uae B

msgumesionti vosilatiun A Aufledion B (4N B) wandldfsgui 6.5

Y

TAYNANTISDULMBS NI UTEIINNTEn A war B Ao Nedwenusenauniemwlsaudn x
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Mndlouduvesfledion 4 waz B (@rufusien) Fsaanuduauinvesnisdunesigndu

sevinefledion 4 wag B (u,q,(x))fe Ardosdfiga (minimum: min) fildainnis

q

ol = J 1 [d a & IS [ =
wWigugusemeaanuuaundnvesivaadflvdiewn aeaunisg (6.5)

g () = 12, (x) A (x):min(,uA () 145 (x)) (6-5)

lnefl Avneds AND FudunisilSeuifisumantoagjanseninsile@in

1(x) A

A ANB

JUT 6.5 M3duwesiontuvesiledion 4 uay B

UINAINAITANTUNITAN o Vosiledianazlianununuulauiuadaiau
wiietisndafinuaudfiong 1 Avdoususadanuieruiu i

TG RERL]

AUB=BU4

ANB=BN4

AalaNURNISIANGH

AU(BUC)=(4UB)UC

AN(BNC)=(4NB)NC

AAIANIUANTSNIEDY

AU(BNC)=(4UB)N(4UC)

AN(BNC)=(4NB)U(4ANC)
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palaLUAR IO

AUA=4

ANA=4

pasauienanyal

AUg=4 \do ¢ e fladianing
ANU =4 \dloU #e onnnduing
ANg=4¢

AUU=U

AaITUANITEINAL

A=A
WU TaIAY

A
i (4c B)N(Bc C) umagled 4cC

nHYeuAuasuny (De Morgan)
(4UB)=4NB

(4NB)=AUB

6.3  Wenduaunn
6.3.1 sUTvaslanduaundn

Wanduan@n (membership function) As Aeigud1usulyiinuaainlm

=

[ a Y a LY = 1 4 & v a
Wuandnvessnusandn x a9 Feazusznaumeiiedionagetoy 1 e Heiduandn

¥
A

aunsadlgusnguandsiueenlunsiliveauminzauiussuudymifiansanaiuay way

° = v o ' a ) aada N
sggnimuadentilaegidediy sUs1eilsiduanidnvesniniuquilednieuldedng

Y

wnivianeiley 4 sULUU Ae fenduain¥nguaiumaey (triangular membership function:

trimf) AenduanBnguamasuaiany (trapezoidal membership function: trapmf) #eridu

o

aun3ngUMd@eY (Gaussian membership function: gaussmf) wagilsAduaundnguseds

&

¥

A1 (generalized bellmembership function: gbellmf ) Fusiazianduilsvazidensail
WanFuaunguarumagy Usenaumeamnsdinefi1unys 3 A1 Ag A1
AWMLY @ b wae ¢ AeguT 6.6 InenisAiurumalnduaudnueaiiwniaiiuys

andnx 1o 9 (u(x)) grudsesndu 5 ndifsannsadnalianaunisi (6.6) Al



0 x<a
(x—a)/(b—a) a<x<b
p(x) = trimf (x,[a b c]) = 1 ;x=b
(c—x)/(c—b) b<x<c
0 X2>c¢
1(x) A
14 b
a c
0 = X»

JUN 6.6 MenduanndngUauwmaey
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(6-6)

Wanguauntngudindeun 19y UszneumeAmniilinesfumia 4 A1 g

AWUMIY a b cuazd fe3un 6.7 Fapnuduaundnvesiunisiuusandn x a9

Ieignuuseaniliu 5 nsdl Asaunis? (6.7)

p(x) = trapmf (x,[a b c d]) =

0 ;x<a
(x—a)/(b—a) a<x<b
1 b<x<c

(d—x)/(d—c) je<x<d
0 x>d

(6-7)
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w(x) A
1+ b c
a d
0 5 X>

JUN 6.7 Menduaundnguavasunimy

WarituauBinguniadiden fagunt 6.8 azldamnsdnes 2 A1 lumsivua

Uil duaundn fie A1 o uaz m lag o A ANTLUUULINTEIU FaaglddmsSy

NSNMUAAINNINVRITUMATY d1d m Ae Anafeilddwiunmunmumiannas
¢ 3 ! I a o [ a ¢ o

Yoguindifisy nsiwiumAlugininvesiudeiiuusanndn e la q Tuileidy

f9nan7 ausaruIlaaNnaunisn (6.8) pail

\ p _(x—mz) (6-8)
p(x) = gussmf (x,[o m]) = exp[ ~ j
#(x) A
1+ X=m
0 P I'd

JUN 6.8 Marduaundnguindiden

WartuauItingusesiands sagui 6.9 1Am1sdimes 3 A1 Ao a b uazm

agn193mes a war b glddmsudmuaaiiuninavesgusedendn luvueim 149
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MruadurifnaavessUsedaiuietunsalsuindidou nsauiumenIy

[d a o (Y a o ¥ = o &
WuaunBnvesiunisduusanndn x o o awaldainaunisg (6.9) fal

p(x) = gbellmf (x,[a b m]) = ;Zb (6-9)
1+

a

SUN 6.9 Hlaiduaindnguseelandn

6.3.2 N1592NUUUAIAIUANHTTE1MTUINRTIUBTINBTUNEIT18BUNLAUD
I3
wuuAalyn
n13eankuuAInIUANNEEE1SUlYAIUANII9TBULIDS N DT UAIT 18 BUT

6

wauduuy mslealulnundaszluszuuniiarsan uandlanegui 6.10 laganideingninug

[
Va v a

IidvazRansannisesnuuulassaiawesinnuauiled lneidonldfamuauilednilaidu
aunInawdunmguansmasy waadlafagud 6.1 1esannidugusieiladduasndnniniia
ANTEmETAIWMLL 3 A1 diuiliduaunnamendnnasidenldsuurisnsanununannis
auNUl9Buuy Takagi-Sugeno Lﬁaqmmmsaymuﬁszj%l,wu Takagi-Sugeno T A4
umsalnunfidnwapduriasi wunsldilsiduandnamuuuiiafion vilvinisduiam
AesnduandnuesiumisiuusaindnileTlidudou Geanansouansilsiduandnaim

1ne MR sanuladsgun 6.12
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+q % 2 % 2 % ILj . Bredker
AN ——— t lloady TV gy
i 4
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Load

minlm PULSE
T to inverter

control of DC side

control of DC side  shoot-through
T

‘z/,',',l MPPT P2 S Fuzzy d
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PULSE . I Current
) to inverter V“ regulator | -
cl —ll_ll_
X Voltage Vel i=dg I SPWM
Vo g regulator | - J=44q 'si control of AC side
SPWM 3 o
() WAL aUADTLUUTIYINY

j=d, o .
N control of AC side
(n) nundasy

JUN 6.10 WNUATI995BUIBS MRS UaITEBuuAudw LA lanldfAIUALTad

input

UM 6.11 flanduanngnnmBunnsuanamiey

9
Y
A
-+ dec cons inc
| | L output
0 N Y2 Y3 ®

JUN 6.12 MeiduaunBnamendnnguurinsan
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6.4  AWUINIATILAZANTINTY
nMsmuAuLUUlsdgnesnuuuieliiaiuaaislndlssfuuywd arunsadn snu
\ihla dedula safsannsaagUsiemnnsaiidudouls egrslsAnmuuyudldlétinalnnisaa
wudsilauguiortunenimes urarldnwdielunsesuelimnumneuny deazvh
Thidlalddeniniseuisludsiiey msmuauuuuiledldilsituaindniiusznouse
HlaBandmivszyanuduaindnvesdinusaundnluszuuiifiansan lnedudsaundn
fanandmiunsmuuuuuiisdazgnimualiegluguvesnwiununislifiey FaFuniy
FauUsnw (linguistic variables) fee1uau AIUAAIRLAEBY (error) §RsInsiUasuLUad
yoeArALAAIALARDY (error rate) Ly uanand Mulsniwiaggnimualiiissdudn
#19 9 Tuguuuunfiuanenaiu 1wy “an” “Urunans” vive “dee” 1udu asziudives
Ful N1 a1INAZITEN I ALTINI (linguistic value) N1T99NLUUAILUIAIYILAZA

Wy vemuALilsddmsussuumuAunIkaraweazesungluitasaluil

6.4.1 N139NLUUALUIAIBILALANTIN1E1VDIAIAIVANN BT E1MTUI9RT
duesinasunasInedunuauduuualnlen Inundase
FEUUATUANAUNTE RANTIINRTBUISIM DT WA 18BN UUAIB LYs
Tnundasyildfaunuileduandldfagud 6.13 99ngudsndn unmnismuau Ae A
AANAIATBILITIAUTDIRAAUUTE] (e,.) Femualle 91 NHAR 1T IeAILSIT U IR
Usz981983 (v))) AuAussiuvesimiiulszgandinsiaiausaau (v,) Fsaunsi (6.10)

WBNANUBUNPNITAIUANBNAMTS FiD A1TNTINITIUREULUAIBIAIAIURANAINYBIL I

v dev(,l ° o s o =~ o v & v W v o
YaIfNAUUTEY (7) dmiulendnnvesiimuauiledszivualiiduaiginsndav
shoot-through (d,) @sA1igdnsniidinanissgnirluaniiuniamadaansiuandy
Y v o & ° = =~ v o ¢ = v o
Jnsmihiivens (D) MnntugnihluiSsuiisuiudyaammisdaumaey ssladyyin
shoot-through Humadansaladuuy SPWM ielvlanaddmsuldaiuauledTnveens
duLesmesunasdngduiiuauduuunlolen dusudiniuauiledvedisasduiesines
wigsdneduiiuauduuuaiolenlnundase agldiiniuauiladianizaiunssiansuiity
Wesnnnisesnuuumimuaudnduseddamisdimesdinizvesszuy aigdinswing w
WIIAUNVINNITHAITU UaznITRIIUTOULUATINAYBIRAANI SNl TRRNLUUMIY WA
dmSunIseRntuUMAIUANAIUNSERAFAU a1u1salgn1siatsanlaidunielouvesssuy

WosnwUUAINTIEmesFIRIUANTlaNgaNiUsEUY Aetumauauiledlulvundass
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NN TUNANIZAUNTTUANTIASLUTUT 6.13 dmTUNMTORNUUUMLUTATBIMAANTINI
YIRIMIUANTNETII9 T UIDS W BT MAITwBNLAUduUUAIBled lunBase N3dl 3 ANTY

AYIANNTOEAILARINNTIN 6.1

control of DC side

Vin Vcl*'vin D
2V Vi shoot-through
* O €yl
Vel - L Fuzy d, N d .
d controller N
dt
Vel

JUN 6.13 SLUUAIUANAUNTELANTIVBINATOULIDT MDA T8 Bufiunuduuumales

Tnundasenldmnuauiled
e, =V, —v (6-10)

M1397 6.1 ALUTAYILELANTIN1YIV0IRIAIVANTBTAIMTUTEUUAIUANATUN TELARN TS

Y999ITDUIDTLADTLNAITNYDUNLAUTWUUAID LA LAUAD AT

ANUDY FILUINIHIMASAIIUNINEY ANTINIYILALAITUIINE
JEUU AU AT AUV ANLTINTE AUNLNE
neg (negative) | v, <v,, (Wagni1)
error 1 a * _ [
. ) ANAIIURANANG Zero v, = v, ()
Vel .. * !
= os (positive) | Ve >V, #11I1N17)
S _ pos (p ) | Ve >Ve
DRFINTG au
error rate , neg _rate .
a =
de WaguUasves zero rate AN
(—*) =
dt ANPITUNANAR pos _rate uIn
dec (decrease) anas
. shoot-throughduty | . . o . 4 3
Rl @) ATININTHUIN | cons (constant) AN
o0 . . N g
inc (increase) bNHTU
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1NA151991 6.1 BUNA error BUNA error rate WALLOIANA shoot-through duty

o Y v v = A a a =
gnimualiidudiiulsmeaniwivesinaiuguiled luvnsAngan1¥1vesdunn eror il
U 3 A1 Ao “neg” “zero” wag “pos” FauansUuileiduanBnlansgua 6.14 error rate
AMRUATHINUIUANTINGT 3 A1 LUUNU AD “neg rate” “zero rate” WAg “pos rate” @11150

< § o a o A | (3 14 1A

uanluilanduaunneaguin 6.15 @1ue19nn shoot-through duty UsenaumigaALen1e 3
AN o “dec” “cons” war “inc” wanuluilanduauBnlafaguil 6.16 lneaumuIev09AT
AYINNAA1509LAI1NA5197 6.1 nsimualdandaniwidiuu 3 a1 favduiiugiu
n1seanuuulasiaiemimuauilsddmiulnsdunesnesunaduduiunuduuunislen

Wundasy

error

JUT 6.14 FanduannBnuesdunms error N6 3 AN

neg rate  zero|rate pos_rate
X X, el X

0 error_rate

SUN 6.15 TaAduaunnvesdunm error rate AR 3 ANTINIY
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dec cons

M

Y3 shoot- through duty

JUT 6.16 Wanduaunnueaiendng shoot-through duty N8 3 ANTINITN

6.4.2 N139NLUUAILUINTILALANTIN1E1VBIAIAIVANN BT E 1M TUIRT
Sunesinesunasseduiinauduvundeled Tnuadeusefuszuusming
JEUUAIUANAIUNTERANTINITBULI DI DT MAIT 8 BT udLuuAID LY
Tnuadeusefuszuudmeldsmunuilsduandldfagui 6.17 9ingussnan Sunmnis
AIUAN AD AIAINHANAINTBILSITUEUNR (e, ) Fafualldanaaniasenineaus iy

UNRNNBA (v;,) NALINIINTANBINUNITIINTOLIAMIRINUGIEA AUAILIITUDUNAVDS

WHALTAA KA1 TINEANFINTIITANSIOU (v,) ASEUNITH (6.11) UONIINTBUNANITAIUAY

. de,
ANAINUY AD mé’fmwmimaEJuLLanaﬂmmmmwmmaﬂLLimuauwm( ”’) A5V

ldnnvessimuaNilafagivunliduaTgdnmiiaf shoot-through (d) arrigdns
ﬁﬁwﬁﬁqﬂdn%gﬂﬁﬂﬂLU%EJ‘ULﬁsuﬁuﬁﬁg@ﬁmWWﬁgﬂawuLw?{au Azladgi shoot-
through sumadan1sadaduuy SPWM iitelWldwadd mivldaruanledTivesiaas
duesimasunasdneduiiunutiuuaialen Arnuaniledve1iarsduiesinosunainedun
wauduvumsledlnunidousoiussuudming azldfmuauilefianziunszuanse
whifu uenaniimssenuuuiauauiunszuaadussaddniseanuuusauauiiledaeis
Tafasnfidnaueliluuni 5

euauiledlulnuadoudefussuudmitefunszuanss wandldlugud
6.17 WATNITORNUUUAILUINHIMALANTIN1BIVBIRIAIUANTLTITBUIDSABT UG I

DURWAUTLUUAIB LALLM DUADTUTLUUINIUNY ATE 3 ATINIYIENNITOLEAILAR

AN 6.2
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MPPT

control of DC side

shoot-through

I

Fuzy

controller

d

JUN 6.17 SEUUAIUANATUNTELANTIUEI9RTBUNBTIMD T LA e Bu AUt UUAIB YA

TnuagausafiussuuI e lgiauauiied

(6-11)

A1397 6.2 ALUTAYILAZANTINIYIVDIRIAIUANTBTA M TUTEUUAIUANATUN TELAR TS

YDIITDUNIDT LI DS UNAI L DURLAUTLUUAD L ANUALY DUADAUTZUUI AU

AU FLUTNILAZ AUANIL ANTINTYILAZAITLNLNY
JEUU FUsNIW ANUYUNY ANTINTY ANUMUNY
neg (negative) | v, <v, (Wo8gni1)
CIrror 1 a * [
3 ATAITUNANANG A Vv, =V, (NN)
Vin .. * !
au‘y\m ( pos (p051tlve) v, >V, (11nn1)
AIINT au
error rate , neg _ ,
a =
Jde WagukUasued A e AN
(—™) -
dt ANAITUNANAIR pos _rate uIn
dec (decrease) aneN
p shoot-through duty | , o o . 4
ol ATININTAUIN | cons (constant) AT
d ] o Z
inc (increase) WWHTU

1NAN51991 6.1 BUNA error BUNA error rate WALLDIANA shoot-through duty

o Y & Y o IS A @ a A a
Qﬂﬂ’]%ﬂﬂi‘wmum?LL“LJTVINQW‘U’WJ’ENG]'Jﬂ’lUf’]ﬂJ‘W‘U‘UL%ﬂJ@ﬂUIUIW&JWE]ﬁiS 18 7NANTINIY1989

BUNA error T1UIU 3 A AD “neg” “zero” LAY “pos

» BUNA error rate MNUALTTTIWIUAT

W@W9N19T 3 AN LUAY AB “neg rate” “zero_rate” Q¥ “pos_rate” a1asauanaduilaiduy
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aundndaguil 6.14 wax 6.15 mudrdumileusumilefululnundase druending shoot-
through duty US¥NBUAIEANTINIY 3 AN AB “dec” “cons” Way “inc” wandluilanduaandn
##s3U7 6.16 wilefululnundasy lnsaumnevesrndantviiauaainisagléain
119999 6.2 Mssamusldandiniusiua 3 A1 fedufiugrunisesnwuulassadnei
muauileddmivieesdunefinesunasdisdufinauduuuaieled Inuadeusdefuszuy

1MUY

6.5 nUaINUd

a oA Y v a va o a2 & a da
nguesiled Ae eulvwazdeufjimlunisarvauvesiinruauiled Faududand

'
a

anudfgluegBsiaanssauznisauay ngiledazgnesnwuukasivuadulay

'
Y A a va

At lussuuinasan lnesuuuureangiledazUsznaumedoulvuasdoujun (F

e

THEN) il
IF xis A
THEN yis B
Toefl x waz y fo faudsnie
A uay B fe AT

a vua a wa

Jeulvludiuves IF wazdoufuAves THEN annsaillivarsdeuluuazdoufua
Taguwuusialil
IF xis AAND y is BOR z is C

THEN pis D gqis E

ngULuvveIng @i yneulvludumes IF axgnasieasulundeuiulagzas
safughesfdunsmeiledion 1wy Sumesiendu (AND) wazgiou (OR) Tnpdiiouls
famuaIuatanda dauvas THEN sggnuszifivinluidudeufufdmiunisaiuaunis
onuuusULULYesngited salufeduungila@ilimugaildesimuslidmniull oe
msdonldnguiriisuduindu ediftoanainududenvesiniuauiledgoradace

At lunisuszananale
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6.5.1 N199NWUUNYHITFIMTUTLUUAIVANIIDTBULIDSLADTUNAIT1HBUN
.1 s a
wauduuuaalyn Tnundase
31NN1500NRUUFIAIUANHITALEALTIN191V8IBUNA error TI1UIY 3 AN
wazdunm error rate 31w 3 A1 luiided 6.4.2 Ay Sungile@duldlddwsuszuy
NNAINRWIINAU 9 NY (3x3=9) TnudaznAnIINNITNITIATIERANAAILIIFUYDIAT
Wiudsey warArindnsni
ngUwuuvesngfledtnasu yneulvludiuves IF asgnasivaeulunieuiuuay

LTIUNUMYHINNTUNITNI NI T LR

ﬁgﬁ?)ﬁ] IF error = neg AND error rate = neg rate THEN d, = dec
ﬁg?’}/@ﬁé IF error = neg AND error rate = zero_rate THEN d, = dec
f)g?faﬁ 3 IF error = neg AND error rate = pos_rate THEN d, = dec
ﬁg?’}/@ﬁ 4 IF error = zero AND error rate = neg rate THEN d, = inc
ng??’aﬁE IF error = zero AND error rate = zero_rate THEN d, = cons
ﬁg?faﬁ‘ 6 IF error = zero AND error rate = pos_rate THEN d, = dec
ﬁgﬁaﬁl 7 IF error = pos AND error rate = neg rate THEN d, = inc
ﬁg?faﬁ‘ 8 IF error = pos AND error rate = zero_rate THEN d, = inc
ngﬁz’}’af’/Q IF error = pos AND error rate = pos_rate THEN d, = inc

nngilednlaseniuudmiuldnivuauiunsEhansI993uasHa T WA e BUN

waugLUUAIR YR WNABasENs 9 Ng 199U AgesueAUvNIElaRall

I a IS

AIUNNIEYDINNTT] 1 2 4oz 3 D1ABUNA error FANINAY neg UWagA1 error rate

q

WINAU neg_rate zero_rate %38 pos_rate k&3 AMUALA1LEIANA shoot-through duty Wirfiu

dec FIMNEANNI ATLTIIUTDIANAUYTZ819890BENIIALITIIUIINAINTIITR Lazen
de

Vel = < & a 4 7% v a o Y o1
? UANLUUAY AUY ®IDUIN ITADIAAAIILINTUUIN shoot-through duty Wovinlwan

wssAuveIiaUUsZYilAanas

=4 14 I a IS

AIIUNUIYYONNTDI] 4 E1ABUNA error AN zero WAZA error rate LAY

q

neg_rate Wi MUUALIANEIRNNS shoot-through duty WY ine FaMaNEAIUTT ATLIIAY

Vel

YDIFAUUTZRE 1B WM AUAIUIITUNTINTIITR waze fienduau szdoudiiuaniy

[

Insnidl shoot-through duty Litevilirusaiuresiafiuyss Ay
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[ 1 a

Fl?7i/7/ii/7817/@df}gﬁl7€)77/ 5 1A18UNA error TANYINAU zero WATAN error rate LYINAU

zero_rate W33 MUUALALDIANA shoot-through duty LYY cons FIMU1EAINIT A1
de

Ver A 1 &

dAuvinnueug ay

[y

W3UYRIAIAUYTZYE B AUAIMSINUIINGINTIATA wazAn

AvualienIndnsuinngeasd

AIIUNNIYYBNNTDI] 6 DIAIBUNA error LAWY zero WAEAT error rate LAY

q

zero_rate WadfMUALANLDIANA shoot-through duty WU dec BIMLIEAINIT ANLTIRY

de,
YDIFUAUUTZEBWIAUAILTIAUIINGINTIVTR UazA) # fianduuin azdesandndy

§nsMd shoot-through duty LiteviliAusaiuressiulszgiaanas

1 a =

AIUNLIEYEINNTDT 7 8 az 9 D1ANBUNA error LAWYINAU pos LA error rate

q

\WINAY neg_rate zero_rate Y59 zero_rate $873 11 UATMALDIANH shoot-through duty

WINAU ine IMUBAINTT ATLSITUVDIFHAAUUTZYIBIUINNTIAILSITUAINGINTITTN Az
de

1 v,

A1 <
dt

AusIuTaIRILAUY sz il

finnduau Aud viouan IvfeaiinA1Indnsmi? shoot-through duty Litevinly

a s s

ng g laponuuudmMSUTEUUAIUANINATIUNBTMBT LIE T8 BuTiAudUUUAID

6 o

lydlnundase a1u15auandbuguiuuaIsIuunINgiesun 6.18 415 19mnInduaning)

Y
s

AaNd17 138071 NIeANUINTHYTFURNUS (fuzzy associative memory: FAM) laganguil

6.18 aziiuledn Sruaungile@ia 9 ng gnussgadlumsnaunsndgiawinviniu 3x3

error

neg zero  pos

neg rate | dec | inc inc

zero_rate | dec | conms | inc

error rate

pos_rate | dec | dec | inc

JUN 6.18 g ile@idmSuszuuAIUANINRTBULBsInesINaIT e BuiLAUTwUUAI YA

Inuedase Tuguwuy FAM
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a Y

N1380NKUUAWALITATUaNITNA TN BIRIAIUAN TR A wrUslsduaunTnaIn

o w 1 [

SuwmLLaSLmtﬁwmLﬂuﬁﬂa";u‘wﬁﬂﬁmmy}maammuzmsmuqm AP UININTUALNTNAINGET?
gfegnesnkuulmmngauiussuUiasun Tnen1seeniuusmunisieanduaungnam
a P ° ' ¢ @ a I3 - o a
dune x, 89 x, warNITERNLUUMLMIATUaTNINAWeIANe &, B9 &, Asuandlugud
6.14 84 6.16 FUAUIINNTNITUTINQUIEARNTIMIAIUANTEZuldRIUANAILTIAUYEY
o I3 a 1w [ v d' d' 1 1 d'q d'
AAUUTEY f915000A1IINTNINT shoot-through dINaABN1IAIUANINRTNNTU Lite
IgdmsuniseanuuuduriaianduaninnamBunaiuuauunsuaz sl duaundn
ANLDIANG

nseankUUmWLilAtuanBnaInveIduns lasuniseaniuulvlidnyasauung
fu lagyimsfivuaauinnaInvesussfuvesiiusey (e, ) dmiudniunuiled

A a P ) ~ AV Yo ~ o =

IINNTSTUUNRZDUNTATAMIEfmuAuLUUlanuflaiausluuni 5 Wellfsuwdas
AUANREY 1000 W/m? 101 500 W/m? vaan 0.3 Junil naveswsaiuvasiuiulseqlle

ANUNLAliATanamanlanigun 6.19 lnadeyalugudendiasgninunldmuinuas

. ~ de, | .
fvuamiAl x, 88 X, U89 error (e, ) A error rate (f) lusu? 6.14 uag 6.15 %
1 t

WitgauiusEuUiiasn msunaniseansuuaA1d b nlsilan fuaiBnanaunnvedna

PuANfigdaNnTauanalafininei 6.3

380

360

X:0.3001

Y:340.8 23032
50 a _| Y:337.9 JIMM
X 0315 (NN 355
X 031 Y:330.8 ' Y:340.8

N Y:328.6 i
< C
= Mgmw
5N
320
“N\.l.'w
u X 0.305
X 0.3037 Y:316.9
Y:313.3
300
280
0.29 0.295 0.3 0.305 0.31 0.315 0.32 0.325 0.33
time(sec)

JUT 6.19 deyausaiuresiaiiulszq Wenuiduueadiaianas



100

dmsunisesniuudunisilanduaindnainvenoding Jausenaulumek, &,
uaz k, lasunisoonuuulnefiansandeininredn9asnialsan 1agaInszuufiasaia)
shoot-through duty ageglug39 0.6 §19 1 FeaNTORAAIAILFUTUTTENIUTIAUVD I

Wiudssguazanindnsutilanaaunisi (6-12)

(6-12)

PMNAUNITA (6-12) MnRA1TUIATIRINTUET Neanduuas 1000 W/m? Gailan
usuBUNATNRTad LAt TIngWInAy 270V FrduanipSnaviiflasdiewiniy 0.17 wae
finrsaunArigdnsmiing faudauas 600 W/m? SsAusaiudunnveunaisaduasering
Wity 250V Avigansutfiasdianyiniu 0.209 uenndfinsandeyadussiuresiauf
Uszq luguil 6.19 thineenuuudumisiliddugsindnamseisnisassinasign uazusu
uANUANIATUANNTNA N dagfnuaAIi LT TUaN BN MDA AT T
Nndoyavemwanisiaesanunsalfesauauileluuni 5 axldrmumisiladduandn

AWAMAUNTFUNUTTUUNNANSULEAS A AIAT T 6.3

M15199 6.3 Al duanTna Y IiIAIUANNET AT UTTUUAIUANIIATBWIBS NS

wasIeduAwA UL UUAIB YA IunDEsY

AuvisleanduannBnnmueadunn e,

X1 X2 X3 Xq X5 Xs X7
-5 0 -5 5 5 0 5
de
Aundalanduasnnninvesdunn —-
Xq X X3 Xg X5 Xe X7
-2 0 -2 2 2 0 2

aunideilenduaunnnwvaaaiding d,

Vi Y2 V3
-0.2 0 0.2
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6.5.2 N199NWUUNYHITFIMTUTEUUAIVANIIRTBULID LD TUNAIT1HBUN
wauduvuaeled Inundeuseruszuusmiing
MnMsoeniuUimMUALiladliaLinwvesduna error $1uau 3 Anag
BuNA error rate $1uIu 3 A1 luiadedl 6.4.2 Kadu Srurungile@g ululddmiussuud
naMARdivingy 9 ng (3x3=9) IneusazngAnINNITNITIATIZAAHARUTIIUVDIFIAY
Uszq uazAniginswiii
MngUnuvesngilediisiu yniteulvludiuves IF azgnmsaaaeulunion

AULALALTIUNUMYHIAWRUNTNITT LR

ﬁgﬁaﬁll IF error = neg AND error rate = neg rate THEN d = inc
ﬁg?’}/@ﬁé IF error = neg AND error rate = zero_rate THEN d = inc
ﬁgﬁaﬁ3 IF error = neg AND error rate = pos_rate THEN d = inc
ﬁg?’}/@ﬁ 4 IF error = zero AND error rate = neg rate THEN d = dec
ng??’aﬁE IF error = zero AND error rate = zero_rate THEN d = cons
ﬁg??/aﬁlé IF error = zero AND error rate = pos_rate THEN d = inc
ﬁg?’}/@ﬁl 7 IF error = pos AND error rate = neg rate THEN d = dec
ng??’aﬁ8 IF error = pos AND error rate = zero_rate THEN d = dec
ngﬁz’}’af’/Q IF error = pos AND error rate = pos_rate THEN d = dec

nngilednlaseniuudmiuldniunuiunseans99duesnasuaTedun

waLgLUUAIR YR WNABasENI 9 Ny T9AU AgesUEAIIVINElaRall

I a IS

AINLIEYDINNTET 1 2 4ag 3 D1ANdUNA error AALINAU neg wazAN error rate

q

WINAU neg_rate zero_rate Y38 pos_rate %3 AVUALA1LEIANA shoot-through duty Wiy

inc BIVLHANUI AMITHUBUNADINBIIINTANDINUNUTREYAMANUEERTiA1TasN I
de

Vin

WIIRUBUNAVDILNLTAARAID NS UazAn fienduau gud wiauin azdeuiiuaniy

1Y) v o A o g v 9 s a e

ANV shoot-through duty LBV IVALIIFUTBKITAARAIDTIRGTAANAY
AIUNUIEYDING YD 4 D1A1BUNG error LAWVINAY zero Wa¥AT error rate WY

neg_rate Wi MUALANDIANA shoot-through duty WU dec FaMU1BAINIT AILIIAY

a ¥ a

AUNMDNNBIIINTANDINUAIUTEYIAAIFIUAIAATANYINAULTIAUBUNAVBILNLYAE
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Vin

WE9919ne Lagan finduau azAesanA1ininsutifl shoot-through duty eyl

[
1

ANLSIAUYDILN LI ARLAID ARG TANNUTU

[ 1 a

AIIUNUIYYBNNTDIT] 5 A1ANBUNA error LAY zero WAEAT error rate LAY
zero_rate W33 MUUALAALDIANA shoot-through duty LYY cons FIMU1EAINIT A1
WIIRUBUNND1NBIIINTANDINUMINTOLYAMFNIUAIAATANN TULTIAUBUNAVDINAYAE

de

Vin

Wae1¥ng uazA fawviiuaud azmvualvianiginsmihfliand

v Ia a

AINUNUIYYBNNTDI] 6 DIAIBUNA error TANNAY zero WAEAT error rate AU

q

zero_rate WadfUALAALDIANA shoot-through duty WU inc FaMNEANTT AT

a [

AUNMDNNBIINTANDINUAINTBEIAAIFIUAIAATAYINAULTIAUBUNAVDILNLBAE

Vin

a L1 1 d a0 [ 4 -2 Y A o %4
WENDINAE LLaTA ? 1ANUUUIN WADIBAATISINTAUIN shoot-through duty Wil

ANLSIAUVDILNIL AR AN TAIanAY

I a IS

APUNNIEVINTDT 7 8 Uae 9 aIA1BUNS error AAWMNAU pos waLAT error rate

q

\ANAYU neg rate zero rate N39 zero rate Wi fﬁ’mmiﬁﬂ'um(ﬁwm shoot-through duty
WU dec FINUEAUTT ALITIIUBUNAE19B9INTANDINUNLTREYAMFIUAIGAL AN

de

Vin

UINNIHTIAUDUNAVD NI AT UAIDNINE wAZAT fienduau gud wieuin asfadiiy

'
| a

ATINANINTUITN shoot-through duty LNy lALSIAUTBIMNILLAE kaIN TR ALY
ngAe@Nlapenl uUdMSUTZUUAIUANINDTBULIDSABS LA T8 BULAUTLUUAID

leslnuaweusenuszuudmienavde aunsauandlusliuunsnaunindaagun 6.20 g

Y

ANTRUAZNTUANINAINENT 1138 Mrem N IHTFRUS A ngUazwiuladn Suaungiled

saa |

4 9 ng) gnUsTTasluM SRSV 3x3
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error

neg zero Pos

N neg rate | inc | dec | dec

)

S

~ .

N zero_rate | inc | cons | dec

5 _

3 1.
pos_rate inc inc | dec

= a o [ % a s s 1 ! a a 1 (3
E‘LJ‘VI 6.20 ﬂ{]ﬁ‘(ﬁ‘dﬁ?“ﬁiUi%UUﬂ’)‘UﬂﬂJ’NQi@‘HL’JE]iLG]’EJiLLWaQ"U']EJ@iJWLLﬂu"ULL‘UUV’YJ’EJ‘L"U@

InuaweusiafiussuuIme Tuguwuu FAM

N1500NWUUAWILIIATUAINTNANBUNS Lazn1TeBNRUUMIkIUIaATuaNITN
AMLDIANRFMTUTTUUAIUANNTBUNes e fundsT e BuuauduLuume ladlnundonsio
flusguuImiig AEiasaningussasnn suiiAIUANedu ldAIUANLTIAUBUNAVB LN
\waduaefing fansane1ininsmini shoot-through AdsradenisAIuAIRsARAN T
ielddmunsesnuuuiumisilaiduandnnmBunauuuauinsuagdunsilsidu
AXNTNN MDA

nIeaNRUUAWILTAtuaTnAmYeIBuns lasuniseaniuulvlidnysauung
U ImzJﬁwmsﬁfmummmmﬂmwmmLLiaé’uﬁuwmmummaéuaqmﬁmé(em) GRIEATL
muauiladannsszuumageuiiiansandeinuauuuiilessuumuainedunesines
uwasdnedufnauduuumsladlnundeuseiuszudming awdldinausluuni 5 1l
Wasuuasmuidauas 1000 W/m? Wy 500 W/m? fiaan 0.3 3wt wagiddsuuiasaim
Wuas 500 W/m? 14 800 W/m? fiaan 0.5 Funit navesausasudunmilonuituuasd]
Aranas wazidomnndunasdaidindu uanalddasud 6.21 wagsuil 6. 220uddu 1ag

Tayalugudenaivsgninunldmuiniasiinuanial x, 3 x, ¥89 error (e, ) uay

dev - A 1Y
error rate (7““) Iugﬂw 6.14 kay 6.15 MLUUITAUNUIZUUNIITUT IUITOLIAINANTT
t

gankuuAMLrdslnduanIna mBunnvesiinIvANiledasauanslafansen 6.4
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220
I

210 AWMMMM '
(AR T

Mo [T

Vie (V)

u X 0.3202
X 031 Y:195.9
. Y:190.6
190 A Am i
180
0.27 0.28 0.29 0.3 0.31 0.32 0.33

time(sec)

JUT 6.21 ToUAUTIIUBUNAYBILNLYATRAIDTINY 1oAuduadimana

220

210 X 0519 ——
Y:207.4

W Ty

VAT \ R
J

Vin (V)

x 04799 [ X 0494 Y1951
190 | Y:193.1 Y: 189

L4

0.47 0.48 0.49 0.5 0.51 0.52 0.53
time(sec)

JUN 6.22 TaYAUTIWIUBUNAVBILNLTASRAIDTINY LiloANudLLaiALTLTY

dwfuniseeniuudunisilanduanignainvenedng Jausenaulumek, &,
uaz &, lasun1seenuuulaefiansandednineeseasiiansan 1nevinn1siansanveulen
Y8R shoot-through duty Tuga3 0.6 89 1 wagiansauAigdnsutnnasluaunisn (6-12)

nud TulyuaeudeAuseuudvuIy NAINLTURAT 1000 W/m? At SInUBUNAYDILHY
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waduatefing ity 220V daduenTndnswinfinedansinfu 0.26 uazfiansaneindns
widl emdauas 600 W/m? Aussiudunavesunaiwaduasendindvindy 205 V Ag
Fnsuthiaziidnsindu 0.284 uazauuLas 800 W/m? A1UTIFUBUNAYDILNILTAR
wasefindiinfu 210V Arigdnsnihitasdausiniu 0.276 uenanifinnsandeyausedy

[

a I3 a ¢ A > A a & =

BUNAVBIULNUYAAUFIDAE LDAUTULAAIAAAILALIANTUAITUN 6.21 Uay 6.22
MUAIRU ndeyasiinartinueenkuumuisilsituaninainaigidn1saesiinaagn
wazUFuguAtmLmlaianduanBnaIn wagimuar it fuaInIn 1Ny LA Ne

N5 AleAEL LA UALNTNAINALUNZ AL USEUURRISULAASLARINIT 19N 6.4

M15199 6.4 FunsilanduannBnamuesinnIuAN T TE MSUTTUUAIUANINRTBULIBS HOT

LA DUNLAUTLUUAID YA IAUAIDNADAUTZUUINUNE

Auvdeilandudaninamuasduna e,

X1 X2 X3 Xq X5 Xs X7
-50 0 2 50 50 0 50
o R o de,
auvsilandudunInnmvedunn ?

Xq X5 X3 Xq X5 Xs X7
-0.2 0 -0.2 0.2 0.2 0 0.2
auvdeisnduanBnamvsiainn d
Y1 Y2 Y3
0.18 0.2 0.22

6.6 miaqmuﬁ%%wu Takagi-Sugeno

nsoyuuiled (fuzzy inference) Ao nFzUIUMTAIANBUNAYDITEULTTIAN TN 1Y
Hudedne tnglimguineiled 3Bnsoyunuiledililumuideinednusie meyuu
WwGuuy Takagi-Sugeno Lﬁmmﬂmsaumuﬂ%%l,wu Takagi-Sugeno LANA199IN Mamdani
ludiuvesgunuurasileiduaingnaimiendng lne Takagi-Sugeno Ieldfs i dudunsinud
fisnvandurad wiunsldflsiduaudnamuuuiiedian vldnsewamenundy

auBnve i UsaNSnfledlidudeu Janseyuuilediuu Takagi-Sugeno ludau

[
Y a

nuasiledausadeulanadl
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IF xis AAND yis B

THEN z is f(x,)

e x way z AD AMWUSNIY

A way B A AnTan1w

f(xy) Ao faidudunss

dmsuiteddu f(x,y) Tleuldedrounsnats fie feidunuudiassiledvosTakagi-
Sugeno udiugud(zero order Takagi-Sugeno fuzzy model) Feilsddudananaziduiiies

AAITLAUASTINL () ity Mmemgldsilireudisazainkazdngludunaunissiung

v
(% v

sUnuunguesilednlduuuinaesiledues Takagi-Sugeno dusurudiianumuzaall

IF xis AAND y is B
THEN z isy

nanMseunUile® 9xUsEnaumy 4 dwund1dny Ao Msviiled nsuseliungues
fod n1353ung warn1svinAfied AununInguin 6.23 Tngludiuvesnisuseidiungvesiled

AotodugIung (rule base) Neanwuulilun1sinsgsisiusiae

Rule base

input Fuzzy rule output
—»| Fuzzification :> § :(> Aggregation :(> Defuzzification | OPE

evaluation

5UN6.23 nannseusnuiled

M viled (fuzzification) Ao N135rYANTINIW LaznsAnamAszaumu Ty
AUTNVRIFILUTDUNAVRITTULTIRBINISAIVAY TngrsziunuluanBnvesdiuUsdunes

raunsamwInmlsnilanduaunnamignidentlyd
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N15Ussdung veeiled (fuzzy rule evaluation) A9 N130TIVADUANTINIHIVOIE
wsdumeamnimelussuumuauiteglungudeteulvlutela uazsoaranuduauin
winls mﬂﬁ?u%ﬁ%ﬁumiﬁmummLmﬁwmL%qmmmmd'mmaa%’aﬂﬁﬂﬁiuﬂgﬁu 9

17553104 (aggregation) A9 ﬂ']imwaﬁwéﬁaﬁﬁﬁ’uam%ﬂLa'w'?wmmﬂﬂgﬁié’%’umﬁ
Usziiuud (ngideuluduaiy) lngarnuilsianvesandsnwivesodwannng miduaie
T SusmAsatudomiaen veilidesandwesiuusdunmnisiannsoogludeuluves
nglevanengwieuiu

MITATE (defuzzification) e FunountsuUasAmadwsiladduaundnninendne
nHan1sTIngeglusivesAnerdnadaiau Inen1seyuuilediuwuy Takagi-Sugeno 9
Fiiledsaeiarmimineds (Weighted Average : WA) fannsAuinmuannsi (6-12)
(6-12)

>y, XY,
WA A m=1

iu(ym)

oefl  u(y,) fo Aanuduaandnveailsiduaundnedne

a

y, A8 Amesivesednaiudunss

AIAIUANTIETI9RTBUNBS MR T aI e B LAuTUUUAI lYR Inundaseiiunld
AIUANALTIAUTIAUYIEY wazlrunaudessuusmiethuldlunisniugu Ausesiu
BUNAVBIHLLAALAIDTNE  FeFIAIuANTTVRITTUUNNANTUNTBUNA error WAz error
rate TANTINIYINIUIU 5 A1 d1U5UL18NA shoot-through duty HANTINIBITIWIL 3 A
JUTNATUAINTNANBUNS wazto N Lanalansguil 6.14 Ba3Ui 6.16 audu tagld

a o aal a vaa . aa
nguesiledIuIu 9 ng warddnmseunuiledazliisn1seunIulUY Takag-Sugeno 71313
dledmeIsmaAniwinage

d1msudlegraniseyuruiledni835 Takagi-Sugeno Yo4AIAIUANN TS
funesmeiuradteduiunuduuunislen Inundasswanslanigui 6.24 angudsngs 1
f915U1AANUAANAIAVDIRTIAUVBIRNAUYTEY V), UeBndT v, (v, <v,,) Feduali
Awiailaiduaunnainvesdunn error Jafidrmnuluaundnamvesdunmegluegn reg

ISP < a ' =3 (5 ¢ A [ al'
wazln zero Wedimanuluaingnainluisasigndued fuilsndusaiumasufaaunisy
(6-6) nnguesiledaunlieonuuuliluiiden 6.5.1 inlildranuduaudnvesadng

[y

y,, 08luLYIATa 1N dec Uag cons MUAWU NIAUMUATIIUAT Y, way y, lneidA1Adn
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[y

Juaundnveserdnniuazegiusy

YR & a a A v <
suArmauaninuesdunn e, alaAianudu
au1¥nvouNmITALTUNITINNYUelad daanslugun 6.24 Ingldunauidnfy Ae

nsUszanamauluauBnainvesodnaluudaz wisnssln (dec.cons) laglddanszyin
OR iievranuduaundnveserdnagegaluusazuiansly uasdnduneuniudunis
sunaansanuluanndnvesednasiudisiefumedinsgyiileduuugidou Weonu

<

= o 1Y IR a a2 & ' a I3 v
NMITINNLLIYUTBYLLAT QgLﬂWQﬂigUUUﬂqiﬂﬁ%sﬁ %QLUUﬂ'ﬁLLUaQﬂ'W’\I'J']@JLUuaNWGUﬂLB'W]WGﬂ‘Vi

v '
1 ) v a

ag/luguvas shoot-through duty dnsuihluldaulussuuaiuau medsaimtneieds

aunns (6-13) wazlansrio1dnadnuilannmevinditeduuy WA ladsgui 6.25

A A
“ neg “ zero_rate ‘lll dec
0.7 | >
| AND
0.4 f »>
1\ |
I R I
0 H - 0 L __error rate 0 ¥
Ierror rate | error Ierror rate | ! shoot-through duty
L _value _| L value _
| ng e 2 IF error = neg AND error rate = zero_rate THEN d|, = dec
A A A
“ zero R zero_rate ‘lll cons
0.4 »
AND
0.2 f :\ =!
t > t » >
error 0 error rate 0 ¥
B e rate | shoét-through duty
! _value _| !_ _value _|
ﬂgﬁam 5 IF error = zero AND eror rate = zero_rate THEN dj= cons
A A
1 1 decU cons
de
0.4f—m “ 0.4fmem
0.2 I .......... “’I""‘ 02 II
0 7 V2 g 0 i Vs >
shoot-through duty shoot-through duty
aggregation

gmh'?i 6.24 NM3OUNUKUY Takagi-Sugeno (Inundase)
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A
M
1 dec cons
04 ..............
on
0.2}~ 42 -
21
0 0.2 0 g
shoot-through duty

JUN 6.25 Anodnatauntaainnisyiaileduuu WA (vundase)

INFUN 6.25 auAmvualiAumids y, wag py,wiiu -0.2 wag 0 AudIny &

v
v A

MsAIMLFRANANATALIULAAS AR

(6-13)

_ (04x-02)+(02x0) _

x —0.133
wa 04+02

13 (%

IINANDIANATALIUIINTY -0.133 NUIBTITIUUAIUANATLIINUTDIAAUYTZ]

q

£ o v v Y Ay va 1w = [ P LY ] =
‘U%G]EJQUSUF"I’]’JQ‘\]?]?%UWV]SL%NL‘Vl'm'U -0.133 L'WEJVI’]I%Q?LLN@‘L!"U’ENG]’JLﬂ‘U‘UiSQ}Iﬂ’mﬂaﬂ

dqun1seyu1uiie@ai835 Takagi-Sugeno Ua4fIAIUANTNYTI995BULIDSLAOS

a

wasdeduiuaudiuumeled useusaszuuIiekanslanagui 6.26 angURIngET3

Y

a L4

LANITUIAIAIUAANAIAVBILTIAUBUNAVOIUHILTAAUAIRINNY v, WIANTT v,
(v, >v,) Bedwaldsiaunisilsituannamvesdunn error JsiArauduaunnain
YoBuNnagluen zero uazIEn pos Wnademnuduaininnmluusavienvusgiuilaidusy

anudenfEunsi (6-6) vililaaanuduaundnvenerdng y, agluuvienss W cons

£
=

WAz dec MUAIAU AT ununsaiua ¥, waz y, lasflapnuduandnveaeidnnduag

9

[y [y

agfiusgivmmuluanndnuesdunn e, Weldmauduandnvesandnnasaniuns

in
2
(% [ A

N vosiled dauansluun 6.26 Tnelvuneundfy Ao n1suszananiauduaudn
AMVBARIANALULASUINATINY (cons, dec) Iagldansgyin OR WiemAAuLduaungn

YDUDMNAFIEALULABTLINNTINY wazBndumeuniadunissiunadnsaauduauidn

YU INA T UmEmNseifleduuugidou WeNunITINngLseuToswdd awing

Y

nsruunANed Fuduniswlasaranuduauidnednnliedluguves shoot-through
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duty dwmsuihluldaulussvumuny dmegisaimineied@unisi (6-14) Lazuanidn

1AnedauntaannsIATELUY WA TaRegui 6.27

A ﬂu ‘r
“ zero H zero_rate ;IJ cons
-
02 04 7 K] AND
: I
!\ > t > >
_ _L _error 0 _ | errorrate 0 ¥,
I"error rate | I"error rate | shoot-through duty
! _value _| | _value _|
ﬂ{]'ﬁaﬁ 5 IF error = zero AND error rate = zero_rate THEN d = cons

ﬂ? ﬂA i
pos zero_rate ) dec
0.7
!\ AND
0.4 '
l |
1\ | R
0 Lerr?)r 0 | __error rate 0 ¥
Iefror rate | Iefror rate | ! shoot-through duty
! _value _| . _value _|
ﬂ{]‘ﬁaﬁ 8 IF error = pos AND error rate = zero rate THEN d = dec

4 A

1 1
04 d P —
0.2 Ic"l’” 0.2

cons| dec

= 0 P!

pes
shoot-through duty
aggregation

1

pe
shoot-through duty

SUN 6.26 MTUNTULUY Takagi-Sugeno (IMuaLwausoszUUIMUL)
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A
7]
1 cons | dec
04 ..............
Nl
\O
0.2 ]eeeeeees T e
< 1
0 0.18 0.2 "
shoot-through duty

JUN 6.27 Anordnataunlaainnisyiaiediuuy WA (nuaweusessuudmviig)

INFUN 6.27 auyArvualiemiumis y, uay p, wiiu 0.18 uag 0.2 MUy

v
% v A

FINIAIUF M ANLD N NATALIULARI AR

_(0.4x0.18)+(0.2x0.2)

. (6-13)
wa 04+0.2

=0.1866

INABIANATALIUYINAY 0.1866 YUNUDITEUUAIUANAILITIAUYBIUHILEAE

L3 L4 U -2 £ %

waeeind  AeARIUSUAININIVINNIATYINAY 0.1866 LEYINIYALSIRUBUNAVDILHIYAE

' 1%
1 a =

LAIDNR AN

6.7 N1591889801UNITUATIVADUANTIOULVDIAIAIUANNITNLA1NNS

29NLUU
nMsraesanumsaivuRBNinesUessr U s anayltlassainessuuauay
duneiinesuvasiedufinauduuumeludiideusefussuudminediguil 5.2 Tuund 5
Tnenisinassaniunisalvursuiinmesazldyauianluiasidsly Simulink vuTdswnsy
MATLAB \ilonsiasevausiauzvasiamuauiisdiliannnisesniuy dmiusmuauilyd
Tulusunsy MATLAB agldudan Fuzzy Logic Controller wansluninuwin v. lngudansn
puaufleddnanazordeamnimesvasinuaumuiildinausliluidedeuntid
wagAndailaituanIInaneesdinIuAuiledd1vsusruuAIuANIRTAULIESIABS
uwndsdnedufiunuduvuaioles slulnundassuasivuadoudofussuudmneagld
Amnsiineiasluansnad 6.3 uay 6.4 MuadU wazAmNIITneTUsTE UL TUILARS

19Rem15797 5.1 wazAmsfiimesiniunuiilofiuanifianisnan 5.6 luuni 5
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N13531909801UN1TLVINNITUTEUIE UNAUBINITAIUANIITBULIBT DT NAITNY
duiiwauduuuAIslanmeiimuauile WIsuWeuAun1IAIUALIIRITEUIDSINSULIAITNY
Bufiunuduuunslanmemauauiled lngazudinsinassaniunsaleandu 2 nad loun

SNaa s ¢ Il a A ¢ s o a = o
nINduIesnesunaigduiikaudwuumslediaululnundassuazinslasuudas
AALTNLAY kagnsalNduedmesyinululnuadesusrenussuuImMUIguaziinas

WABULUAIAULLEY @NUNTOLEAINANITINADIANIUNTTAIVDITEUUNNANS ANt Aeatl

ASAIN 1 duesimasunasdrsduiwaudnuualntanriiululnuedase 1ne
WaArULUAIAMUIULET 1000 600 kay 800W/m? a1 0.3 kag 0.5 IUNRIUaIsU a1

WARINANTSTIARsEUNNTaLlAGagUT 6.28

— PI controller
Fuzzy controller

Irradiance 1000W/m?> Irradiance600W/m> | Irradiance800W/m?>

Vin (V)
N
o
<)

Py (W)
()]
o
o
(] o
4
3

0.1 0.2 0I3 0.4 o5 106 0.7

350 e

) 20(?.1 0.2 013 . * ~120v0;4 0|5 0.6 0.7

s AN AAAA A AN AN A A AN A AARAARADAR

VAV AY AVATAYAY RVAVAYRVIAYAYAAY) AVAVATATIAVAYAIAY
1(g).1 0.2 0[3 0.4 0|5 0.6 0.7

2 JNAANARARAARARARANAAAAAAANANARA

= WYVYVVUYVVVVVVVIVVVVVIVVVVVNVV VY
0.1 0.2 0|3 0.4 0|5 0.6 0.7

2 AAMARAMAAMARANAAAAMANARAAAANA

ER AR AR AR AR A ARV
0.1 0.2 0.3 0.4 0.5 0.6 0.7

time(sec)

JUT 6.28 NAMITIADIENIUNNTNVEINRTIUIRS DT WMAIN e BufiunuduuuA Bl ly

Inundase saefmuauiilelseuiisuiudiniuauiled
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N13591893801UN15lasAMUATTAILIIAUE19B398 9L AU 2981989dlAn

v, =340V Uaglsawule1dnne1edevesduniesinesidwindu ¥, =120V, 310HaN1S

S

Fravsanrunisallusuil 6.28 asuiulddn Aussiuvesdialfiudseadidviatu 360V lunn 4
anmeenudunadliihauduiansfiviuieanasinn Snitasauauilewaziaiuam
fluFanunsosnwiAseauuswuvesiulseald annaves v, Tugu 6.28 dlevihnisuene
Ausady v, TughsfifinsBeuasmanuduiaaauasduiy wanslédosud 6.2

LAY 6.30 HINAIAU

Irradiance1000W/m? Irradiance600W/m?
380

PI controller

360 /

~
& 340
RNy \
Fuzzy controller
320
300
0.26 0.28 0.3 0.32 0.34 0.36

time(sec)

SUN 6.29 NANITHOUAUDIALSIAUAWAUUTER

Y 9

dlewasuudatanudaunasann 1000 W/m?2 1 600W/m? Anan 0.3 3undi

mﬂgﬂﬁ 6.29 wamimauaummLmoﬁ’uéhLﬁ‘uﬂizfgLﬁaLﬂ?{ammaqmmvﬁmmmﬂ
1000 W/m? 181 600W/m? fiaan 0.3 3unl wuin nan1snevaussvesidnIuaNiled(dud
wi) laifinswaiAu (overshoot) wazithgannzegmildmaifiniudleisuiisuiusmuny
wuudile(dude) Jeflaussfusjufuiigeiignis 3585V uandliiiuiifiniuauiledil
au330uzlUMIMUANAILIAUTBIMIAUUIZ01995BUNOS MBS UNA I8 BURLAUTLUUA
reludldfnifimuauuuuiile dmsulusud 6.30 nansnovaussAussiudiuUTE o

WAsULUAIAU LA 600 W/m?2 LW 800W/m? ft1an 0.5 FUNil WuIINan1snauaued
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vauAuANfed(dudin lifin1sutiii (undershoot) waziingan1izegdilasinsindy
v = Y A o & A [ v o= o = !

AAuANLUUTLa(EUEA) BellAusesiurasiniulseanasifiantis 334.4V d1unanis
o ¢ 1 A A ! (% (3 a s s a0 ! (%
d1aesaniun1salady o luguil 6.28 Aussdulednnvesdulesines V,, dd1uindiu

120V, Ansehaiiordnavesduesmasiuia o i, lulnundaszainssuanlaain

S
Buneiiwesavgnitenseudbiuilvanyianun 91ngUT 6.28 f1 6.30 wansliiiuindiniuay
fa@nlaainnisesnwuunazilausluiivanounauntniauisanIuANIRTdUIBS A DS
wndadneduiiunuduuuadeledlulnundassle warlaussousHanIsnoUANeIYRITEUUT

a 1 U d
(ﬂﬂ’J’W]’JF"I’JUf’]iJLLUUWVL@

Irradiance600W/m? Irradiance800W/m’

360}

/ Fuyzy controller|

Ver (V)

PI controller

320}

300L
0.46 0.48 05 0.52 0.54 0.56 0.58

time(sec)

JUT 6.30 nan1IRBUANBIAILTIRUAILAUUTEY

Wowdsunlainnuulasain 600 W/m? 1y 800W/m? fan 0.5 Fu

AN 2 BUIBSLMBILIAIIN8DURLAUT WUUAIB b YAYINUl UL RUABAUSEUU
39U TneUaguwUasnNuLduwas 1000 600 wag 800W/m?2 Mt3a1 0.3 wag 0.5 Ul

PINEIAY ANNTORAAINANITINABIANIUNTAILARIFUN 6.31
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— PI controller
Fuzzy controller
Irradiance 100 0W/m> Irradiance600W/m? | Irradiance800W/m>
300 | |
T T PRTTT st ]
100
_ 600(9'1‘ — 0‘2 — MO 3 0.4 0|5 0].6 0.7
i 4000 |
a ke mor ]
2000
406).1 0.2 0|3 0.4 0|5 0.6 0.7
S [ Vel =340V ‘
300
208} 0.2 03 =12,°V‘r_9f' 05 ,‘Of 07
% 0 ‘ : AWANL A WANANE AW & 1
200 0.2 0|5
JP Y CLUN— : :
< A AN & N moa It v A
= l IR (1] 111 1 A
IO VU \ FYMY YV YV
-20 e el
- 26).1 0.2 0|5 0].6 0.7
E;‘ 0 ‘\\ ,v"‘ 'Lj: :"\) l 4 ,“;j \\Ml L A e i 8 Ca f“i’." & A "- p/ "‘.JJ’ 41.\)/ ‘-‘:"'r:"‘.\-’:‘:“\""«’"A.Lv-'.ﬂ:ﬂ:' 1"‘;." ;“"\/
-20
0.1 0.2 0.3 0.4 0.5 0.6 0.7
time(sec)

JUN 6.31 NANMITIADIENIUNITVRINRTBUNIRS DT WA BuiunuduuuAIBlynly

InuawesonussuuTmue medmuauiileiSeuiiguiudiniuauiled

Mnwansiassanunsalluguil 6.31 avitulsindonnuduuadianuasuuas
wdwalveusadudunn ¥, fevdsuudadlusme Tnsrussiudunadiiviifuausediud
amaalnihgean vie ¥, =V, , lngendunisvieuvesdaneifiuniiniusesaninaeny
avan Wlefshdslaiihasanvesunsaduasorfind u annzamuduuasaetunldauld
donuduuasddanasiidslifnfesdaanas wasderuduuaaiuduadaluding
wdidniutude AIMTUNTAIUANATLTIAUBUNAVDIUNLL AT LA TN I ALYNAIUANN TG
muauitleviefmuauilsdfiusuil 6.10 TnsAusauduwnazdsuasionindslniives

wHawaALaseNTing ansananseiddliihvesunaaduasofindlanluguit 6.32
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e PI controller
Fuzzy controller

Irradiance1000W/m? |  Irradiance600W/m?> Irradiance800W/m>
6000
5500 foem e
5000 —
I AT (AT
N //—~-/""""
E 4500 “
& Ve
Y I D
\ e e
4000
3500 S]]
i remen
3000 L d s ™,
\ W bt il Y
2500
0.1 0.2 0.3 0.4 0.5 0.6 0.7
time (sec)

JUN 6.32 mmastuiiendnnvesunseaduateing

913U 6.32 nud aridsliiivesunagadiaseniindvesiamueuiled(duding
fennddlainldunnismaunuitle(dudsn) Tunnaniizanuduuas Bnvisdaannsanyn
Mdsugeanlasiniss gndenazuiugndt dwalinasufdsininendnnvesunaiead
wasofinduasfinuauiladiauinninfnuauiile Fsa1ursaasulaindiaiunuiledl
aussourlunismuguildnitfiaruauiile TunismvauALssFudunAvoILHALTAd
Laverindreasdunefinesundsineduiuauduuuaeled lulminideudefusyuudming

uenniluzui 631 Aussmesiaitulszy 7, Tunisdraesanmunisaifmuals
AusefuYesfLAUUTEY §198adiA1 v, =340V wudiszuufifiansananiadnu sy
wsdufLAvyszeldiviniy 340V uagAussfuLodnnvesduesneslulnunideudediu
szuusmiefidifuusedunie 120V, dweinssuaisunednesluma o i, innw
Wuuas 1000 W/m? agilanszuamnniigaiilesainunavadiaseiindannsondnidslni
Iennndnfiaanuduuas 800 uaz 600 W/m? Geduniesinessenseualiudluan i, , A1
wiruluynaninzauduuas ludiuvesnszuaiiiuninlvandosnisazseidngszuy
Srmbgtonun nnaavesiddliihvsunaraduatefingvinlifnuauiledanusods
nszudldinnifmuguiile dwmalvinssuafidnodngssuudmine g VOIAIAIUA

e dAnunnitdauauitlome wanalanegun 6.33



117

}zzy conttoller
5 m\ N
f PI contfoller ;

iga (A)

T 0.14 0.1 0.22 0.26 0.3

8
time(sec)

JUT 6.33 AMnseualeAnnNIewdngseuudving fenaduieas 1000 W/m?

91n3UT 6.33 sziiiuldiinszuaiianeidiigszuudiviing fauidauas 1000 W/m?
YossmuANTedlALINNIINTEuaTasRImUANiile Wunau1aINMIAIUANAILTIAUBUYA
VBIUNALATUEIDNTINIAIEAIAIVANTNLT A1NHANTITINABIANIUNITAIVDIIATBULIDSN DT
uwasdneduinauduuuaeleslulnuadoudefussuusiminefefmuauileFouiie
fusmunuilatluguil 6.31 9 6.33 uansliifiuinmnuquileddildesnuuunaztiaue
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flofudmimuAuiled a1unsananinani1sdInassanIunITaiduIeiinasunasdeduiuaud

wuumelanlnundasememaiiagsauislugy ladaguit 7.10

M13NN 7.2 Annsilmeiminiuauiiledniunisinassantumsaliiemaiaesawisiugy

ERELHIGRL ATNNIILLRDS
undase

K =0015
mmuauusulnivesiuiuusey =

K, =0.001
FAIUANNTEUATEIRILAUUTE] K, =16
. . . K,, =0.005
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Kivo = 20
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—— PI controller
Fuzzy controller
o s Irradiance 1000W/m? Irradiance600W/m? Irradiance800W/m?
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= 70 Wwwmww S
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65
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0
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JUN 7.14 gasuiuueasduniefnesunaineduiivauduuunislunlvun dasy
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M13NN 7.4 Apveurwaduasaindnlylunsasispnageu

ERGEIGI A0S
wsUA99T (V) 25V
usaFuifdsgeanvouna (7, ) 216V
nIzuaAln9as (/) 2.5 A
NITUATINAIZ9qAUB NI (1,,,) 2.35 A
MAINIINERVDUNG (P ) 50 W

e

PV PV
PV PV
PV PV

e e\

PN Y A ! I a ¢
E‘U‘VI 7.15 Iﬂi\‘]aﬁqﬂﬂqilfﬂ@ﬂﬁacﬂaﬂLLNQL%@@LLE’N@WWG\U

JUN 7.16 unawaduasoiingnldluyanaaeuais



138

JUN 7.18 19358URs MU raIIN e Bufiunuduuumalys

a

! o a s 4 ] a a '3 I Y o
aiuy 2. 'NQs@UL'J@iLm@sLL‘ViaQquJ@NWLL@U%LL‘UUﬂ?@l"UWLLa@\T‘l@ﬂﬂi‘U‘ﬂ 7.18

Y

Usznoauludiey dufudsey danulienin lalen wazuegaledddia3uiu

9

aaa o

IPM6MBP50RA120-55 7ile3T#id1uau 6 fuavueinlulasneulnsalaes TMDSDOCK28335
dwsulusunsuaiuaunisinauuenaledTang 6 41 d1uusenaudie 4 a1usauans
TUavLRuAsll

v &

WAUUTEYURINRTBUNEIINeTUnNaIT e BuTLAuduu UM lRd mSuyanaasuilly

FufuUsegniduwnn 220pF dafiinausaiui 100 V



139

A UNRYIUIEINTUIITDUNDSLNDSHIAIDNUDUNLAUTLUUAID LA LT H LU T Y157
YA 0.3mH UANTzUaREN 3 A
1nTonv9979950ULISLABI WIAIT18DUNLAUTHLUUAIBD YR 1T lalan 2 U1 LuBs

1822AF Faslenfifiausediuil 200V wagfidanszua 5A uandladsgud 7.19

SUT 7.19 lalen 2 91 1wo$ 1822AF

aaa v o

uogaleddfiju IPM6MBP50RA120-55 Mille3T#i6 fadmfuisasduliesines
uwidseduiuauduuuneled gunsaiainduonashunideineinusliledtis sy
wanad15a5UTu IPMEMBP50RAL20-55 va1u3En FUJI Electric Afiinn1sldeiu 50 A
1200 V @afioditesnesionsldau uegaleddidldnudmivypnaaourasdunesines
uwdsinedufiunusuuumsleduandldfiisuiiz.20 srandeanslinuamunsodnyifiudy

191N (Wadns AuRUsEuS, 2559)

U 7.20 wonaleddi3 e IPM6MBP50RA120-55

aaa



140

Uasn eZdsp™ F28335 14dmsuAIuANI995BuIRT o T WA U BULALDLUUAIE
lud Tnguasn eZdsp™ F28335 Hdmusvanananansu TMS320C28335 daduguideniu
nsd1aesanunsaisemaiaeiauisluguiifinnnusilunisuszanana 150 MHz uazdl
Anuazidunvesteyafiuszanana 32 9n Toazdeanisldauaunsadnuifisdlaan
(nAws pusdans,2557) uenanididudeudedyanauousden nmeusnlnensianalog
expansion) $113U 30 Yesdyanns Fedvunarusendalussartesnssudyaasvintu 12
0 Taefidndaud 0 89 4095 Tunuideinerdnusilévesnndonrousurdendiuiu 8
Yosdeyayrad Lown ADCINAO 89 ADCINAT dwnsusudaans i v, v, 4ag v, 31N195UH
wesdryaras muddu uansldfasud 7.21 Adsnanazgrldlumsduinnszsuadnads ms
AIUANNTZLAYALYY UaENITATUANLIIAUTALINTIY897993NT0IMAUBNTN AIUATT
TUsunsudwiuszuumuauvensasnsasidaueniiil dsanunsauanausmuamaslusunsald

AIFUN 7.22 uagsngazidunlAnlusunIuassngtnatn a1ANwIn 1.

Expansion
interface

28335 pan ©XPANSTON
6006066000600000000
00000000000000000
: e 760601 55606300
USB OODOOO\QGGDOQDOOOODD
= 3
JTAG (—:2
emulator

Power

supply
connector

JUN 7.21 Tassaiean1lnenssuvesn eZdsp™ F28335 (¥1asn Uiy, 2564)
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stand-alone mode

Receive the DC input voltage,
the capacitor-1 voltage, the AC output
voltage and the filter capacitor current [
from the current sensors and the voltage
sensors to the analog expansion (Px, Px)

l |

Calculate the steady state Calculate the phase angle of
shoot-thourgh duty (D) stand-alone mode (6s) by
i fundamental frequency components
Control the capacitor-1 voltage by l
using PI controller (d) Calculate the AC output voltage and
i the filter capacitor current on dg-axis
Send the d from the expansion i

interface (Px)

o Control the AC output voltage by
to the digital/analog converter

using PI controllers (vod, voq)

Calculate the reference voltages
of voltage regulator on dg-axis
(Vod', Voq')

'

Convert the reference voltages
of voltage regulator on dg-axis
to abc-axis (voa', Vob', Voc')

Send the voa', vob', Vo' from the
expansion interface (Px)
to the digital/analog converter

N

SUN 7.22 Usun1nn1sIUSUASUAMTUTTUUAIUANYRIAIUANYDIINRTBUNBSINB S UVaTNY

DURWAUTLUUAID AU DT

INFUN 7.22 annsaesuiedunsunsaniiunisvedlusinsudniussuuniuauues
19950 UNBSMTUAIT BB LAUDLUUA LA LAR ATl
A IUANATUNTLUTR T

5d"°LJ°" ﬂsuou Iy s ™ “”W‘U

U7 1: Usenmailandudmiunislaanuuesn ezdsp™r28335 wavileanduunsgiu
9INIIUTUNTUAILAI1IT

Tu7] 2: SUAILSIIUBUNRTDILMITAALEI TR (v, ) LazusaiuvesduAuUsEq(y,)
FaludyauleusaeniIun1aeINsieunouousanUBIUDIn eZdsp™MF28335

Tu7 3: AUARILUTUATANTUAUTOIFILUTENFUNIIAIUIUUTIAUAAUYTE]

YuI 4: AurAigMTnftuan1g shoot-through
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JUN 7.23 293snsesdyanilinssiaadu
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[

derusaiudenanludnasuyunsdyaa Twnwideinerdnusagldnioudasuiiunans

v

(center-tapped transformer) sfinanusanulin ARGk siulnimaiulgugivaseuy
NAENT WU 220 V uag 9 V muanau deulinanszuanisiiulgugiiiandiiiy 1A
asananssisuladlilihdmiunsiadauseduladagui 7.24 uaziaasusauwsisdayaalans

SUT 7.24

JUN 7.24 wiawdasliihdmsuasiatansesiu V, uay 7,

o v

995U Jaudsd eyt nusunssdulinandan s de wisdulniuagz e

A

= [ I

asvianszualii vl sudyarusgludisnissuamelniivesuesnezdsp™ F28335 4

Y v v Y

aunsasudeyalianzdnuan wazegluriesenu 0 89 3.3 V Aty 995U umednyey 1003
USuanvuauazenseaugUdyann ¥, waz ¥, Weglugae 0 89 3.3 V Inglassaineves

995U yeuUsENaUme paUwexl JuTexas instruments UAT41CN Lagfafuniu

a

LAASLAAISUN 7.25 d11SUNI599NLUUAIAINUAIUNILEINISaANE L RNLRL AN TeUe9

Y

a o £

NG adanuey (A0 alanui, 2556)



144
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JUN 7.27 2asamadauseauliiin

Fauil 5: 1asaiedynunisaing dvsumuaunisinauvesledTi Uszneusae
299IIINEUIE (or gate circuit) LavI9asTULAA(gate drive circuit) 9nfinanluTuund 4
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Wadurlunnaindduiesinesleddi 6 1 a1u130uana3995 or cate LaneguN 7.28 way

95Ut asedya e runa i uaunsalaintdve1ieasdunesinasunasing

[

DURWAUTLUUAIB LA L NNADATE WaNANTI9sTULANTUINN T TUIUATeINe 1 TnusTavin

MNALENNTIIANIE LTI UGUATHIUTTUAI8NAINAU UHUAINRNITTUNNLARSLARIFUT
7.29

gﬂﬁ 7.28 2993 or gate



146
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Abstract— This paper presents the maximum power point
tracking for stand-alone photovoltaic system using current based
technique. This method mitigates the disadvantage of
conventional perturb and observe (P&O) technique in term of
both transient and steady-state responses. The simulation results
show that the proposed current based MPPT technique can
provide the maximum power point value closed to the
corresponding maximum power of photovoltaic for each
irradiance. Both transient and steady state responses are better
than those of conventional P&O technique.

Keywords— stand-alone photovoltaic; maximum power point
tracking; perturb and observe algorithm; current based maximum
power point tracking

I.  INTRODUCTION

Presently, solar energy is widely used in the world because
it is clean, free and pollution-free. Thailand is located in the
subtropical region and possesses excellent sunshine conditions.
However, the efficiency of energy conversion of solar energy
into electrical energy is still low. Moreover, the receiving
energy depend on an environment and connected load. If
engineers can control the operating point of photovoltaic to the
maximum power point (MPP), the maximize power from the
photovoltaic can be achieved.

MPP can be determined by many techniques, such as the
solar tracking by rotating solar panels toward the sun or the
maximum power point tracking (MPPT) by controllers. The
MPPT algorithm for the photovoltaic is simple and widely
used. From a literature survey of MPPT, many techniques such
as fractional open circuit voltage [1-3], fractional short circuit
current [1-3], perturb and observe (P&O) [4-5], current based [6-
7], incremental conductance [8], fuzzy logic [3],[9] have been
used. However, it can be found that the P&O technique is one
of the most commonly used because of simplicity and ease of
implementation. The P&O approach is working well when the
irradiance changes slowly. However, it presents drawbacks
such as slow response, oscillation around the MPP in
steady-state, and poor tracking under changing conditions.
Therefore, this paper proposes the current based technique that
is improved from the current based algorithm in [3] and [4] by
concerning 4P in the algorithm. It is to ensure that the

978-1-5090-4666-9/17/$31.00 ©2017 IEEE

maximum power point can be achieved. The current reference
for the maximum power point can be determined from the
proposed approach. After that a PI controller is used to control
such current to be equal to the resulting current reference via a
buck converter. The results will show that the proposed
technique can provide the better transient and steady-state
power response.

The paper is structured as follows. The characteristic of
photovoltaic is explained in section II. In section III, the
algorithm of current based technique is fully presented. The
simulation results when the proposed MPPT technique is used
are shown in Section IV. Moreover, the comparison results
between the P&O method and current based approach are also
illustrated in section IV. Finally, the section V concludes the
benefit of the proposed current based MPPT technique for
stand-alone photovoltaic.

II. CHARACTERISTICS OF PHOTOVOLTAIC

s |-
impp

Curent (8)

Poer W)

Vottage (V) Vmpp Voc

Fig. 1. I-V and P-V characteristics of photovoltaic

Characteristics of photovoltaic are depicted in Fig. 1 in
which the 1-V and P-V curves of photovoltaic are tested at
25°C and 1,000W/m? as the standard condition. As can be seen
in Fig. 1, each irradiance can provide only one MPP.
The MPPT is used to control the system operated around
MPP. The voltage and current at MPP are set as Vipp and Lupp,
respectively. It can be seen from the I-V curve, the MPP is
changed when temperature and irradiance are changed. It is
important to operate photovoltaic at the maximum power
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condition. The proposed method will control the current of
photovoltaic at /,,,,. As a result, the MPP can be achieved.

I1l. PROPOSED CURRENT BASED MPPT

A. MPPT for stand-slone photovoltaic system

The MPP can be determined by the MPPT. The MPPT is a
technique commonly used with photovoltaic systems to
maximize power extraction under all conditions. MPPT for
stand-alone photovoltaic system is shown in Fig. 2 in which
the MPP is determined from the MPPT algorithm. The DC/DC
converter is used to convert DC output voltage from PV panel
to the voltage level suitable for feeding battery or load. In this
paper, 40W PV panel, buck converter, and 12V battery are
used. As for MPPT algorithm, the proposed current based
technique is applied.

Load

PV DC/DC
or
Panel Converter
Battery
—
MPPT
Algorithm

Fig. 2. Maximum power point tracking for stand-alone photovoltaic system

B. P&O technique

For P&O technique [1], PV panel voltage is perturbed by
changing the duty ratio (4Dstep) of DC/DC converter. To
achieve the maximum power, PV panel voltage is increased or
decreased. If ADstep is set as a high value, the transient
response will be fast. However, the oscillation in power
response at steady-state will be occurred. In contrast, if 4Dstep
is set as a small value, the transient response is very slow. The
disadvantage of changing 4Dstep is that the varying duty ratio
of DC/DC converter affects to the PV power indirectly. As a
result, the maximum power value may be incorrect as
expected. Therefore, this paper presents a current based MPPT
technique to handle such problem. A current based technique
uses a current ratio (A7) instead of the duty ratio because
changing the current ratio can affect to the PV power directly.
As a result, this technique can provide smooth and fast
transient response.

C. Current based technique

As can be seen in P-I curve of Fig. 3, if the operating point
of the system is initially assumed at B. To achieve the MPP at
A, the operating point at B is moved to A. For this case, both
AP and 41 are positive that result in 4P/47 > 0. The PV panel
current should be increased by L, +ALye, until L=l If the
operating point of the system is initially assumed at C, To
achieve the MPP at A, the operating point at C is moved to A.
For this case, 4P is positive, while 47 is negative that result in
AP/AI < 0. The PV panel current should be decreased by /.-
Alstep until Ly =Iymy In case of irradiance variation, the P-I

curve is depicted in Fig. 4. The operating point is initially
assumed at the MPP for 1, at B. If the irradiance is increased
to I, the MPP will be changed to A. The operating point
should be changed from B to A by using the same condition,
here is increasing current. In contrast, if the irradiance is
decreased, the PV current should be decreased.

P
(+)AP>0
() AT

B

Power (W)

Gunent (4) mpe

Fig. 3. P-Icurve of PV panel for current based

Power (W)

Gurent (A)

Fig. 4. P-I curve for irradiance variation

As for temperature variation, the V-I curve of PV panel
will be considered as shown in Fig. 5. The initial operating
point is assumed at D that is the MPP of T). If the temperature
is increased from T; to T», the MPP is changed to E.
Therefore, the operating point should be changed from D to E
(4V,, < 0) by increasing the PV current. In contrast, if the
temperature is decreased (47, > 0), the PV current must be
decreased to achieve the new MPP.

Voltage (V)

Current (&)

Fig. 5. V-Icurve for tempurature variation
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The flow chart of current based algorithm is depicted in
Fig. 6 as follows:

Start

Determine initial =0
Im =0.54
A
= Measure Fin), fr)
v
Caleulate
Pt = Vimin)

AP =Pin) - Ptn-1)
AV = Vi) - Vin-1)
Ar=tim - 1tn-1)

v

Ar=p YES
v NO v
YES. —Api\r=p
\d NO
YES—Ap/Arso
NO VES
s ¥ Y L 4

Tt 1+ Alstep. Asstep Al Tin, A f

L L ) T v y
v
Ubdate

i), Jtn), Pé)
v

Return

Fig. 6. Flowchart of current based MPPT

IV. SIMULATION RESULTS

The considered system is shown in Fig. 7. It consists of PV
panel, MPPT current based controller, buck converter feeding
12V battery. The current and voltage of PV panel are
measured into the current based algorithm. The proposed
algorithm will provide the reference current in which the MPP
can be obtained. The PI controller will provide the control
signal for adjusting the pulse for the switch S of buck
converter to achieve the PV current following on the
reference.

-
3 L
+ o . — 75‘
. =c1 | i o Barey,.
T

Vi | Tpr

|

[, 2

MPPT i ¥

L
Current based, > -

Fig. 7. The considered system

In order to show the feasibility and performance of the
proposed current based technique, the system of Fig. 7 is
simulated via the SIMULINK and MATLAB with the PV
module conditions as given in Table I and parameters of buck
converter as given in Table IT,

TABLE L SPECIFICATION OF PV MODULE
Parameter Value Details
Ve 43125V Open circuit voltage
I L1A Short circuit current
Vege 3873V Maximum power point voltage
Lo 1.033 A Maximum power point current
Prir 40w Rated maximum power (W)
TABLE IL PARAMETER OF BUCK CONVERTER
Parameter Value Details
(o} 100 puF Capacitor
C; 2200 pF Capacitor
L 10 mH Inductance
fo 10 kHz Switching frequency
Voan 12v Output voltage

The simulation results of the system in Fig. 7 with current
based algorithm are shown in Fig. 8. Step changes of
irradiance equal to 600, 400, 500, 1000 and $00 W/m? at
temperature  25°C are applied. At irradiance equal to
1000W/m?, PV panel can generate power 40W in which this
value is the MPP for 1000 W/m?, If irradiance is decreased or
increased, the proposed technique can track the power and the
MPP can be obtained.

The comparison results between P&O and current based
technique are shown in Fig. 9 in which a step change of
irradiance equal to 500, 1000 and 750 W/m’? at temperature
25°C is applied. It can be seen that the proposed algorithm can
provide the better transient performance compared with P&O
technique. Moreover, for the steady-state response, oscillation
around the MPP is occurred for P&O method. The error of
MPP in steady-state under changing conditions can be also
found. In contrast, the current based technique can provide
the faster response as well as a good accuracy in steady-state
response.
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Fig. 8. Simulation resuits of current based technique
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Fig. 9. Simulation result of compare P&O and current based
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Fig. 10. Power transient at irradiance 1000 W/m®

The zoom area of transient response for 1000W/m’ is
shown in Fig. 10. It can be seen that the current based method
can provide the better transient response than those from the
P&O method. As for steady-state response, the zoom area of
power response for 500W/m’ is considered as depicted in
Fig.11. The high oscillation is occurred when the P&O
method is applied. Moreover, the power delivered from PV
panel from the P&O method is lower than those from the
proposed MPPT method.

1as
v 5 PO 1 7 ,NﬁJ
D e 3 :i
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|
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Time )

Fig. 11. Steady-state power at irradiance 500 W/nr'

The percentage of increased power when using P&O and
current based MPPT technique compared with the system
without MPPT technique can be calculated by (1).

P.uPPr = Pmnmm x100% (1

‘without
where Pyppr is the power from the MPPT methods, while
Pihour 18 the power for the system without MPPT algorithm.
As for the irradiance equal to 500, 750 and 1000 W/m?, the
power of photovoltaic without MPPT technique equal to 6.42,

9.72, 13.01 W, respectively. As a result, the percentage of
increased power following on (1) is given in TABLE III. It
can be seen that the current based approach can provide
maximum power for each irradiance, especially the power at
irradiance equal to 750 W/m?.

TABLE 111 PERCENTAGE OF INCREASED POWER
P&O Current based
Irradiance(W/mr) Puper Ya of increased | Pyppr Y of increased
(W) power (W) power
500 18.7 191.27 18.87 193.92
750 26.35 171.09 29.37 202.16
1000 40 206.98 40 206.98

V. CONCLUSTION

The paper presents the current based MPPT technique for
maximize the PV panel power of stand-alone photovoltaic.
The simulation results show that the maximum power point
can be obtained via the proposed current based MPPT
technique. The transient and steady-state responses of PV
power are better than those of P&O technique.
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Abstrac—This paper presents a design of proportional-
Integral (PI) controller using root-locus technique for a quasi-Z-
source inverter (qZSI) in two mode operations: stand-alone and
grid-connected. Controller design for qZSl1 is separated into two-
stage controls which are DC side and AC side in both two mode
operations. For the DC side of the converter, PI controller are
designed through d pling capacitor. As for the AC side, the
voltage and current regulations are used for stand-alone
operation and grid-connected operation, respectively. Simulation
results via the exact topological model of MATLAB are used to
verify the effectiveness of the proposed control design.

Keywords— PI controller; root-locus; quasi-z-source inverter

1. INTRODUCTION

Quasi-Z-source inverter has been developed from the
original Z-source inverter (ZSI) [1]. The gZSI is composed of
de-dc converter and voltage-source inverter that are combined
into a single-stage buck/boost inverter, The ZSI is designed
to reduce an impedance rating and to keep the continuous
current operation. The gZSI has two operation states, the
non-shoot-through state (i.e. the six active states and two
conventional zero states) and the shoot-through state (i.e. both
switches in at least one phase conduct simultaneously). The
equivalent circuits of voltage-fed gZSI with continuous input
current for PV application (renewable energy sources) are
shown in Fig. 1. This qZSI consists of two LC filters and
single diode connected to the AC loads or grids via the three-
phase inverter bridge. The operation of the qZSI depends on
the parameters of two inductors, two capacitors and diode as
well as a switching technique.

To AC loads
Or grids

Fig. 1. The qZS1 with continuous input current for PV application
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The qZSI with a closed-loop control is developed from a
two-stage DC-DC converter cascaded with DC-AC structure
[2-3]. Therefore, the control of qZSI is separated into two
stages which are DC side and AC side. The DC side is
controlled via shoot-through duty ratio (d, ), while the AC
side is controlled by the modulation index (M ). The
switching technique for gZSI is based on sinusoidal pulse
width modulation (SPWM) operated with the shoot-through
references. These references can be computed from a simple
boost control (SBC), maximum boost control (MBC), and
maximum constant boost control (MCBC) [4-5]. In this paper,
the SBC is selected because it is very simple.

There are many conventional controller design methods
such as phase lead-lag compensator, bode plot and root-locus
methods [6]. However, the root-locus technique can directly
represent the time-domain responses of the proposed system.
Therefore, this technique is used in the paper. As a result,
mathematical model of the proposed system is required. The
dynamic model used in the design process is the small-signal
model [7].

This paper presents the details of dynamic modeling,
structure of stand-alone and grid-connected mode controller,
two-stage design control method for qZSI by using root-locus
design. Finally, simulation results are presented as the
validation of the proposed control design.

II. DYNAMIC MODELING OF QUASI-Z-SOURCE INVERTER

The qZS1 has two operation states. When the system
operates at shoot-through state, the AC load terminals are
shorted through both upper and lower devices of any phase
legs. As a result, the single switch is ON and the equivalent
circuit of the qZSI for this case is shown in Fig. 2 (a). When
the system operates at non-shoot-through state, the single
switch is OFF as shown in Fig. 2 (b).

¥

T g -

(a) shoot-through states (b) non-shoot-through states

Fig. 2. Equivalent circuit of quasi-Z-source network.
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Assume that C=C;=C,, L=IL =L, and r

is a

resistance of inductor and Ris a resistance of capacitor. In
addition, shoot-through period is defined as 7, and 7} is for

the non-shoot-through period. Hence, the switching period
T, =Ty + 1T, and the shoot-through duty ratio (d) is equal to

T,/T,.

As for small-signal model, the small perturbance of state
variables, input signals, and shoot-through duty cycle are

iy Vo and

ﬁc.z]r sl= [I}m

denoted by )'c:[f“

zpvif

d,

respectively. The small-signal model can be represented in

shoot-through and non-shoot-through states by

Fi=A%+Bi+[(A,+A,).X(B,+B,)U]d

~R+r) 0 d-1 d [i, | [t a-dR v,
|0 ~@®en d d-1fj,| |0 a-dR ’l'},} VatF,
1-d -d 0 0 fa,| [0 d=1 |Up | Lyt 1
-d 1-d 0 0 Jlo,] L0 d-1 T+

Taking the Laplace-transform into Eq. (1),

(1

the small-signal

model diagram of the quasi-Z-source network can be shown in

Fig. 3.

i,(s)

Fig. 3. The small-signal model diagram of the quasi-Z-source network.

The details of transfer functions appeared in Fig. 3 as given in

@)-(D)-

G :(I—D”)(]—ZQ,)—LCF(]—D”) ?2)
(Les +1)(zes +(1-2D,))
g - R0-D,)(1-2D,)-(1-D,)(Ls +r+R) 3)
kLR +C(r+R)s+(1-2D,)
- 7(1/(,+V”7R1,,”)(1721)“)+(1m71L,71LI)(L5+1-+R) 4)
o LCs*+C(r+R)s+(1-2D,Y
‘[(chz+Q,)+(I*D,,)(I—ZD”)](‘5 5)
- LCs* +(1-2D,)
i _R(=D,)Cs+(1-D,)(1-2D,) 6)
LCs* +C(r+R)s+(1-2D,)
o :(V:‘H{,fklu )es+(1,,~L,=1,,)(1-2D,) 7)

4 LCS +C(r+R)s+(1-2D,)
III. THE ROOT-LOCUS TECHNIQUE FOR THE CONTROLLER
DESIGN OF QZSI

The overall system configuration of the proposed qZSI is
depicted in Fig.4. It can be seen that qZSI has two mode
operations, stand-alone mode (Breaker is OFF or “0”) and
grid-connected mode (Breaker is ON or “17”). In the case of
stand-alone mode as shown in Fig. 4 (a), the capacitor voltage
v, is regulated for the DC side control in which the PI
controller is applied. As for the AC side control, the voltage
regulator block is used in which the terminal output voltage of
inverter is controlled on the d—g axis. In the case of grid-
connected mode as shown in Fig. 4 (b), the maximum power
point tracking (MPPT) is applied including the PI controller
for the DC side control. As for AC side control, the grid
current magnitude is controlled by using the PI controller and
the current regulator block.

A. Controller Design for stand-alone mode
As can be seen from Fig.4 (a), the PI controller for the
capacitor voltage control P/, can be designed by using G;

and block diagram as shown in Fig. 5.

Fig. 4. System configuration of the proposed qZSI.
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Fig. 5. Block diagram of DC side control design for stand-alone mode.

The root-locus in term of pole-zero map is used for the
design. It depends on K, and K; parameters in which K, and K;
represent proportional and integral controls, respectively. In
the DC side control for stand-alone mode, K, .. is varied
from 0.001 to 0.1 and Kj_, is fixed equal to 0.1. The qZSI
parameters of proposed system are L =500 uH, C = 400 uF,
R=003Q,r=047Q, D=0.25, lhau=9.9 A, Vi =130V,
M=0.75, Ly=4 mH, C;= 50 uF, Ry= 0.03 Q, L, =10 xH and
Ry =0.2 Q. The root-locus by using MATLAB for this case is
shown in Fig. 6 (a).

s g

A8

e e w0 w
alas

(a) root locus (fixed K, ,.s=0.1) (b) step response

Fig. 6. Root locus and step response of DC side control for stand-alone mode.

The pole location can be determined from the damping
ratio and the settling time. The critically damped is required so
as to achieve ¢ =1. The settling time (7, ) is also determined
equal to 0.1 s.. As a result, the pole location is a real pole at
s = -40. For this location, the K,_,cs gain is equal to 0.00468.
The step response when the system uses the K, 4= 0.00468
and K;_,.s = 0.1 is given in Fig. 6 (b). The critically damped
and the settling time can be achieved following the
requirement.

For the AC side control, the multi-loop control is applied

for the voltage regulator block in stationary frame as shown in
Fig. 7.

oy iwuf

j=dq

Fig. 7. Block diagram of voltage regulator AC side control for stand-alone
mode.

The Mason’s gain rule was used to obtain the open-loop
and closed-loop transfer functions of Fig. 7.. The damping
ratio is set equal to 1 to obtain the eritically damped as same
as the DC side control, while the settling time is defined equal
to 0.001s.. As a result, the pole location is at -4000. The K,_
is equal to 16 designed from this pole location. After that,
K, v is varied for 0.00001 to 0.1 and K;_,, is fixed to 20. The
root locus of AC side control is shown in Fig. 8(a). The

and I ion Tec y (ECTI-CON 2019)

critically damped and the settling time equal to 0.01s., the pole
location is at -400. From Fig. 8(a), the K,_,, equal to 0.005.
Therefore, the step response when the system uses the fixed
Ky i and K; ., with the selected K, ,, equal to 0.005 is
presented in Fig. 8(b). The critically damped and settling time
equal to 0.0103s. can be obtained.

B P

R ] om0

(a) root locus (T‘ced Ko =
Ki_w=20)

Fig. 8. Root locus and step response of AC side control for stand-alone mode,

Trog s

16 and (b) step response

B. Controller Design for grid-connected mode
The PI controller for the maximum power point tracking is
designed by the small signal model of G’;’ and G;'f” . The DC
L /

side control block diagram for grid-connected mode is shown
in Fig. 9.

Fig. 9. DC side control block diagram for grid-connected mode.

In the DC side control for grid-connected mode, K, ving 15
varied from 0.0001 to 0.1 and Kj a4 is fixed to 0.001. The root
locus of DC side control is shown in Fig. 10(a). The critically
damped and the settling time equal to 0.1s. are determined to
locate the pole. Thus, the pole location is at -40. K, . results
in 0.0017. The step response for this case is presented in Fig.
10(b). The critically damped and settling time equal to 0.106s.
can be followed the requirement. However, the effect from
other poles is oceurred in the transient response in which this
effect can be acceptable.

() root locus(fixed Ki_umt = 0.001) (b) step response
Fig. 10. Root locus and step response of DC side control for grid-connected

mode.

For AC side control, the capacitor voltage is also
controlled by using the PI controller. The block diagram for
the design of such PI controller can be shown in Fig. 11. It can
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be seen that the small signal model of G,‘ and the transfer

function of grid current magnitude (7' )) are included in

the block diagram. As for the grid current control, the block
diagram for the design is shown in Fig. 12.

Fig. 1 1. Block diagram for the design of capacitor voltage control.

5 1 A
L]

j=dq

Fig. 12. Block diagram for the design of grid current control.

|
el |y [T W T ]

For the design process, K, g is varied from -0.001 to
-1 and K; g is fixed to -50. The critically damped and the
settling time equal to 0.1s. are required. Thus, the pole
location is at -40. K}, \.i¢ results in -0.344. The step response of
capacitor voltage control is presented in Fig. 13(a). The
critically damped and settling time equal to 0.0892s. can be
followed the requirement. As for the grid current control, K,
is varied from 0.001 to 1. The critically damped and the
settling time equal to 0.01s. are required. Hence, the pole
location is at -400. K, j; equal to 0.153. The step response of
grid current control is shown in Fig. 13(b). The critically
damped and settling time equal to 0.01s. can be followed the
requirement.

Angltuce
pe—

e Tie o)

(a) capacitor voltage control (b) grid current control

Fig. 13. step response of AC side control for grid-connected mode.

IV. SIMULATION RESULTS

Simulation results are used to confirm the proposed
controller design by using the root-locus technique. The qZSI
system is simulated by using the system parameters from
Section III with the system output frequency f = 50 Hz,
switching frequency f; = 10 kHz, and the command value of
v:] equal to 340V.

Simulation conditions are divided into two modes: stand-
alone mode at 0<7<0.3s. and grid-connected mode at
0.3 <7 <0.65s., The simulation results are shown in Fig. 14., It
can be seen the command value of AC output voltage is
V. =120Vius, while the command value of v/, is equal to

340V, and load current i, ,=9.9A(AC load). For grid-
connected mode, the maximum power point can be achieved
by the MPPT controller. As a result, the current output from
this mode is more than that from the stand-alone mode. From
the simulation results of Fig. 14, the proposed system can be
controlled via the qZSI designed by the proposed technique.
The good transient and steady-state responses can be achieved.

stand-alone mode

|
I
=

sridconnected mode
B S =
=200 |- = «{
0 01 02 03 04 05 06
i AT [
0 01 02 013 04 05 06
=200 - : :
= o[r A 1 «{
=, L V' =120,
0 (X 02 o3 04 05 06
ot 1

o

(X 02 03 04 05 0.6

A
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‘
|
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‘
‘
|
|
{
|
‘
‘
|
|
‘

|

1

used

Fig. 14. simulation results two modes operation.

V. CONCLUSIONS

In this paper, the PI controller is designed by using the
root-locus technique in which the small-signal models for a
qZSI are also used in the design process. The proposed design
technique is very useful. The engineers can use software
package of MATLAB during the design process. The
simulation results confirm that the good transient and steady-
state responses can be achieved.
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ABSTRACT

This paper presents the controller design for PV-
rooftop system. This system can operate both standalone
and grid connection modes. The quasi-Z-source inverter is
chosen to convert the electrical power from direct current
to alternating current. Both conventional PI and proposed
fuzzy controllers are designed for the considered system
operating in both standalone and grid connection modes.
The simulation results by using the SimPowerSystem® in
MATLAB and the hardware-in-loop simulation were used
to confirm the effectiveness of the proposed controller.
The results can confirm that the proposed fuzzy controller
can provide the better performance compared with the
conventional PI controller.

Keywords: Controller Design, Quasi-Z-Source Inverter,
Fuzzy Logic controller, PV-Rooftop System

1. INTRODUCTION

Today, the global warming issue caused by
greenhouse gases affects to increase renewable energy
usage. The popular choice of renewable energy is the
photovoltaic (PV) system which can operate in both
standalone and grid-connected modes [1]-[2]. However,
the output power of the PV system is the direct current
(DC). This reason affects that the PV system cannot
connect to the appliances or utility grid directly. Hence, the
inverters is then required to convert the electrical power
from DC to AC. Many types of single-phase inverter can
convert the DC to alternating current (AC) such as half
bridge inverter, full bridge inverter, class-D inverter, etc.
Nevertheless, the power condition of PV system including
the inverter needs to meet the requirement of high step-up
voltage as similar as the buck-boost converter in the DC
power system. Generally, the inverters require the high
input voltage obtained from the photovoltaic in series
arrays. One type of the inverters reported in [3]-[6] is the
quasi-Z-source inverter (qZSI). It can be used to perform
the lower input voltage requirement and it can supply the
output voltage as similar as the other inverters. The qZSI
was designed by F. Z. Peng in 2003 in which this inverter
absorbs a continuous constant dc current from the source
while the conventional ZSI draws a discontinuous current.
Thus, the qZSI is suitable for the PV power system and it

was reported with the better performance for the PV
rooftop system. The output power from PV rooftop system
will depend on the environmental conditions as follows:
irradiance intensity and temperature. This reason results in
the output voltage of PV system does not constant. Thus,
the maximum power point tracking (MPPT) is very
important to obtain the maximum power (MPP) at any
irradiance intensity. To regulate the output voltage and
track the MPP for the PV rooftop system, the controller
design is very important.

The gZSI can divide in two stages operation, shoot-
through and non-shoot-through states, where it can be used
to perform the dynamical model. In this paper, the
proposed model is used for the conventional PI controller
design by using the basic control theory. However, the
response from the conventional controller cannot provide
a good performance. To improve the better performance,
the fuzzy controller is selected to apply in the considered
system. The proposed fuzzy controller is designed based
on both the standalone and grid-connection modes. The
system responses controlled by the proposed fuzzy
controller will be compared with the conventional PI
controller. In addition, this paper presents the hardware-in-
loop simulation to provide the results which can confirm
the ability for the implementation. The results show that
the proposed controller can be used to regulate the PV
rooftop system in both standalone and grid connection
modes. Moreover, the proposed fuzzy controller can
provide the better performance compared with the PI
controller.

This paper is structured in six sections as follows: the
first section is an introduction, and the considered system
will be described in section IL. In section 111, the proposed
controller design is addressed. The simulation and
hardware-in-loop (HIL) results are reported in part IV and
V, respectively. Finally, part VI is the conclusion of this
paper.

2. CONSIDERED SYSTEM

The PV rooftop system connected with the utility grid
is depicted in Fig. 1, It consists of PV arrays, qZSI, filter
circuit, three-phase active load, and AC utility grid.

The proposed system can be operated in two modes.
The first mode is the standalone operation in which the PV
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Fig. 1: Considered system

rooftop is not connected with the utility grid. In this mode,
the power from PV rooftop system will be only supplied to
three-phase load via the gZSI.

Another mode is the grid-connected operation. The
three-phase load can obtain the power from both rooftop
system and utility grid. However, if the power output from
PV arrays is more than the load consumption, the
remaining power will be fed into the utility grid for sales
with the Electricity Authority.

In contrast, if the power output from PV array is not
sufficient, the three-phase load can be also received the
power from the utility grid. The operational states and
control modes of qZS1 are explained as follows:

2.1 Operational states of qZSI network

There are two states of qZSI. The first state is the
shoot-through mode occurring when the inverter’s
switches are short circuit and diode ( D ) is reverse bias
(open circuit) as shown in Fig. 2(a). Although the voltage
across the inverter is equal to 0 V ( Ve, = 0 V) in this case,

the current from PV arrays can be also supplied to the
inverter [7]-[10]. Another state is the non-shoot-through
state in which it is the normal operation and diode is
forward bias (short circuit) as depicted in Fig. 2(b). Both
states can be operated in order to supply the current toward
the inverter continuously, resulting in uninterrupted load
current operation.

[] -

ipy Ven=0

+
N <
T icdVer
(a) shoot-through state
Yk

/ )JW

i
[

(b) non-shoot-through state

Fig. 2: Operational states of quasi-Z source network
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From Fig. 2: the mathematical model of the

considered system can be derived from the equivalent
circuit in both shoot-through and non-shoot-through states.
The variables are defined as follows: L=L =L, and
C=C, =C,. The period time of shoot-through and non-

shoot-through scenarios are set as T, and 7}, respectively.

In addition, the switching period (7, ) can be calculated by
T, =T, +1; and the shoot-through duty cycle (d ) is equal
to T,/T, .
explanations and the basic circuit theory is applied, the
dynamical model of the considered system can be shown
in (1).

After the variables are set as the previous

~(R+r) 0 d-1 d i,
ol 0 tRen dd-l I
1-d -d 0 0 | @,
—d 1-d 0 0,
()
1 (-d)R VT R
0 (l—d)R v +V,— IR
0 d-1 1 M [T
0 d-l 7:,]~I,~+1MR
where the state variables are §= zu s ]
the input variables are # 7[Vm fm} and d

To obtain the plant model of the considered system,
the Laplace transform will be applied to (1) after that the
block diagram of qZSI pldnl model is illustrated in Flg 3.

The plant equations of G G 5 G G’ G"‘ and

Gd‘ in Fig. 3, can be calculated by (2) to (7), respectively.

Fig. 3: Block diagram of qZSI plant model
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From the plant model of qZSI, it can then be used to
design the controller to operate in both shoot-through and
non-shoot-through states. In addition, these equations can
be also applied to optimize the considered system
parameters in the future.

2.2 Control modes of qZSI

The considered system from Fig. / can be divided into
standalone and grid-connected modes. The block diagram
of qZSI control modes is shown in Fig. 4.

For standalone mode as depicted in Fig. 4(a), it can be
called “constant voltage control mode”. The voltage across
capacitor (v,,) is regulated from the DC side using the P1

controller when the breaker is off. In this mode, the
inverter’s output voltage at AC side will be also controlled
by the remaining PI controller on d-q axes for the voltage
amplitude and frequency regulations. Another mode is
grid-connected mode that occurs when the breaker is on.
The PI controller combined with MPPT algorithm will be
applied, resulting in the MPP from PV rooftop feeding into
the three-phase resistance load 20 Q/phase and utility grid.
For AC side control in the grid connection mode, PI
controller will be used to control only the reference current
because the voltage and frequency have been then
synchronized.

The controllers of DC and AC sides in both operation
modes are designed by using the qZSI plant model as
shown in Fig. 3. Many methods can be used to design these
controllers such as phase lead or phase lag compensators,
bode plot and root-locus methods [11]-[13].

For this paper, the root-locus method will be applied
because it can provide a good steady-state error as well as
time domain and transient responses. The deep details of
the root-locus method for the controller design can be
found in [14] and the parameters of PI controllers can be
shown in Table I. In addition, the parameter values of the
proposed qZSI are set as follows: L=500uH ,
L=400uF , R=0.03Q , r=047Q, I, ., =99A,
V,=130V , M=075, L,=4mH , C, =450 uF ,

R, =0.03Q, L, =10 zH and R, =020Q.

Table 1: The PI controller parameters for the
considered system

Stand-alone Grid connected
Parameter
mode mode
DC side Kf,m/ =0.1 Kf,md =-0.001
control K, ... =0.00468 K, ... =00017
KI veig =750
Kiw=20 K . =034
AC side K, ., =0005 povig — V-
control - K, , =300
K, =16 -
= K, , =21

3. FUZZY DESIGN FOR THE CONTROLLER OF
QZSI

This section is the design of fuzzy logic controllers for
qZSI operating in stand-alone mode and grid-connected
mode. The fuzzy controller regulates the DC side system
instead of the PI controller. The AC side controller of the
considered system still uses a PI controller on the d-q axis.
The control diagram for a quasi-source inverter connected
with utility grid is shown in Fig. 5.

3.1 Fuzzy Controller Design for stand-alone mode

In Fig. 5(a), the diagram shows the qZSI control
structure for stand-alone mode. A fuzzy controller is used
to control the voltage of the capacitor V. The input value

of controller is the error between V. (err, ;) and the slope
value of the V., error (err_rate, ). The output from the
controller is the shoot-through duty rate (d,,).

L L,
+ o D, |+ +
Vin, Vel v,,q}
) TN¢i

Uyt PULSE

to inverter

control of DC side

(a) Control for stand-alone mode

i I PULSE

s i Current
gy S
e J=dd T control of AC side

(b) Control for grid-connected mode

Fig. 4: Block diagram of control modes
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control of DC side
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(a) Control for stand-alone mode
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LI
| SPWM
J=4q ' contolof AC side

(b) Control for grid-connected mode

Fig. 5: Block diagram of control modes. Control diagram of a gZSI with fuzzy logic controller.

The fuzzy controller design of qZSI for stand-alone
mode uses triangular input membership function and
straight-line tone output membership function as shown in
Fig. 6(a) and 6(b), respectively.

» input

71‘0,

(a) Input membership function

dec  cons inc

l—_ | | |
» output
N Y, Y3 ®

»

(b) Output membership function

Fig. 6: The membership function for the proposed fuzzy
controller

The linguistic design of the error input member
function determines three linguistic values: “neg”, “zero”,
and “pos” as depicted in Fig. 6(a). The linguistic value of
the error rate output member function is determined 3
linguistic values. It consists of *neg_rate”, “zero_rate”,
and “pos_rate” as implicitly shown in F7g. 6(b). Thus, the
number of possible fuzzy rules for control is 9(3x3=9).
The fuzzy rules are shown in Table 2.

From the fuzzy rule in Table 2, when the input error
value is negative and the input error rate is any value, the
output value must be adjusted to reduce the shoot-through
duty rate according to Rules 1-3. In addition, when the
input error value is zero and the input error rate is positive,
zero, or negative, the output value follows rule 4, 5, or 6,
respectively.

Table 2: Fuzzy rules for regulating the voltage value
accross capacitor (V)

error
neg zero pos
neg_rate | dec | inc | inc

zero_rate | dec | cons | inc

pos_rate | dec | dec | inc

error rate

In case of the input error value is positive and the input
error rate is any value, the output value must be adjusted
shoot-through duty rate incremented according to Rules 7-
9. The fuzzy rules for controlling the voltage of a
capacitor can be summarized as follows:

Rule 1 IF error = neg AND error rate = neg_rate
THEN d, = dec

Rule 2 IF error = neg AND error rate = zero_rate

THEN d, =dec

Rule 3 IF error = neg AND error rate = pos_rate
THEN d, =dec

Rule 4 1F error = zero AND error rate = neg_rate
THEN d, = inc

Rule 5 1F error = zero AND error rate = zero_rate
THEN d, = cons

Rule 6 IF error = zero AND error rate = pos_rate

THEN d, = dec

Rule 7 IF error = pos AND error rate = neg_rate
THEN d, = inc

Rule 8 IF error = pos AND error rate = zero_rate
THEN d, = inc

Rule 9 1F error = pos AND error rate = pos_rate
THEN d, = inc

After the input of controller has been evaluated with
fuzzy rules, the output is then calculated via the weighted
average (WA) defuzzification method, a Takagi-Sugeno
fuzzy inference [15]-[18]. This method is very simple for
implementation. The positions of the input and output
member functions can be determined by relationship of the
considered system.
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3.2 Fuzzy Controller Design for grid-connected mode

The control diagram for the grid-connected mode is
depicted in Fig. 4(b). The input voltage (v, ) is controlled

by a fuzzy controller in which it is the voltage at the
maximum power point of the solar arrays using the MPPT
algorithm. The input voltage error value (err,, ) and the

i

difference of error values ( err_rate, ) are the fuzzy

vin
controller's inputs. The output of fuzzy controller is shoot-
through duty (4 ) The grid-connected mode of a fuzzy
logic controller for gZSI uses a triangular input member
function and a straight-line tone output membership
function. For this case, the linguistic design of the error
rate input ion has 3 values and the linguistic value of the
error rate input member function has also 3 linguistic
values as well. As a result, there are 9 possible fuzzy rules
(3x3=9) as shown in Table 3.

Table 3: Fuzzy rules for regulating inpui voliage (Viy)

error
neg zero pos
neg_rate | inc | dec | dec

zero_rate | inc | cons | dec
pos_rate | inc | inc | dec

error rate

From the fuzzy rules for regulating the input voltage,
the 9 rules are given in Table 3. When the input error value
is negative and the input error rate is any value, the output
d must be adjusted with shoot-through duty increments
according to Rules 1-3. When the input error value is zero
and the input error rate is negative, zero, or positive, the
output value follows rule 4, 5. or 6, respectively. In
addition, when the input error value is positive and the
input error rate is any value, the output value must be
reduced shoot-through duty according to rule 7-9. The
fuzzy rules for controlling the input voltage can be
summarized as follows:

Rulel IF error = neg AND error rate = neg_rate

THEN d =inc

Rule 2 IF error = neg AND error rate = zero_rate
THEN d =inc

Rule 3 1F error = neg AND error rate = pos_rate
THEN d = inc

Rule 4  1F error = zero AND error rate = neg_rate
THEN d = dec

Rule 5 1F error = zero AND error rate = zero_rate

THEN d = cons

Rule 6 1F error = zero AND error rate = pos_rate
THEN d = inc

Rule 7 IF error = pos AND error rate = neg_rate
THEN d = dec

Rule 8 IF error = pos AND error rate = zero_rate
THEN d = dec

Rule 9 IF error = pos AND error rate = pos_rate

THEN d = dec

The member function positions of the DC side fuzzy
logic controllers for the qZSI in both stand-alone and grid-
connected modes are shown in Table 4 and Table 5,
respectively. The position of the membership function is
obtained via trial-and-error method. The stand-alone mode
input and output member function position shape is
determined by the relationship between capacitor voltage
and the shoot-through duty while the grid-connected mode
is determined by the relationship between the voltage of
the solar arrays and shoot-through duty.

Table 4: Membership function for stand-alone mode

Input error member function position

X1 X2 X3 Xy X5 X6 X7
-5 0 -5 5 5 0 5
Input error rate member function position

X1 X2 X3 X4 xs Xo X7
-2 0 -2 2 2 0 2
Output member function position

\J] 2 V3

-0.2 0 0.2

Table 5: Membership function for grid-connected mode

nput error member function position
X .tgl X3 | X4 ‘ X5 ‘Ie{ X7
50 [ 0 [-50] 50 ] 50 0] 50
Input error rate member function position
X7 X2 X3 X4 ‘ Xs X6 X7
02]0]-02]02]02]0]02
Output member function position
Vi ‘ y2 ‘ y3

018 g | 0.2 | 022
4. SIMULATION RESULTS

According to Section 2, the locus-root approach was
used to design the conventional PI controller for a qZSI,
and the parameters of this controller are derived as
indicated in Table I. In addition, the fuzzy controller is
designed for gZSI as provided in Section 3.

The SimPowerSystem® simulation was used to
evaluate the control performance. The simulation
determines that the system frequency of 50 Hz, the grid
voltage 120 V.. and the capacitor reference voltage

V. =340V . The SimPowerSystem® model for both
stand-alone and grid -connected modes are shown in
Fip %74

The conditions for the simulation in both stand-alone
and grid-connected modes were set by changing the
irradiance from 1000 W/m® to 600 W/m?> and
800 W/m? at 0.3 and 0.5 5., respectively.
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Fig. 7: Simulation model for the gZSI.
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Fig. 8: Simulation results of stand-alone mode

For the stand-alone mode, the simulation results are
given in Fig. 8. The voltage across capacitor is set equal to
340 V. The PI and the fuzzy controllers can regulate the
capacitor voltage with the different irradiance. When the
irradiance is varied suddenly, the transient response of the
capacitor voltage demonstrates that the fuzzy controller
can quickly reach into the command value. Moreover, the
overshoot from the conventional PI controller is more than
the proposed fuzzy controller. The results show that the
fuzzy logic controller can provide better performance of
the capacitor voltage of qZSI than the PI controller.

For the stand-alone mode, the simulation results are
givenin Fig. 8. The voltage across capacitor is set equal to
340 V. The PI and the fuzzy controllers can regulate the
capacitor voltage with the different irradiance. When the
irradiance is varied suddenly, the transient response of the
capacitor voltage demonstrates that the fuzzy controller
can quickly reach into the command value. Moreover, the
overshoot from the conventional PT controller is more than
the proposed fuzzy controller. The results show that the
fuzzy logic controller can provide better performance of
the capacitor voltage of qZSI than the PI controller.

The simulation results of grid-connected mode are
shown in Fig. 9. When the irradiance is changed, the
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Fig. 9: Simulation results of grid-connected mode

voltage of the solar arrays (v, ) will be also changed equal

to the voltage at the maximum power point of the solar

arrays (v, =v,. ). The oscillation of p, is from the

MPPT calculation. In this paper, the incremental
conductance approach is used as the MPPT algorithm.
Fig. 10 shows the power response comparison at different
irradiance between the fuzzy controller and the PI
controller. The response of the system regulated by PIL
controller is the black line in which the grey line is the
system response controlled by the Fuzzy logic. The
responses shown that the fuzzy controller can perform the
better power response, more efficient and fast response
time than the PL controller. As a result, a higher power
output of the solar arrays can be achieved.
Moreover, the V, =340V and V_, =120V,

grid ms
corresponding to the reference voltage is defined. The
current produced by the gZSI in grid-connected mode is
higher than stand-alone mode because of the MPPT for
solar arrays to achieve a higher power production. The
load and grid are fed by the inverter current as shown in
Fig. 9, which shows that the proposed controller can
control a qZSI in grid-connected mode with a good
performance.
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Fig. 10: The output power of the solar arrays of the qZSI
in the grid-connected mode

5. HIL SIMULATION RESULTS

Practically, the results simulated by
SimPowerSystem® in MATLAB are not sufficient to
confirm the performance of the proposed controller. To
ensure that the proposed controller design for qZSI can be
implemented in the microcontroller board, the hardware-
in-loop (HIL) simulation will be used. In addition, HIL
simulation can confirm that the system can operate by the
proposed controller without the failure of practical
conditions. In this paper, the eZdspTMF28335 was used to
program the proposed controller in which this bord will be
used to simulate along with the SimPowerSystem® in
MATLAB. The connection between eZdspTMF28335 and
the SimPowerSystem® in MATLAB can be depicted in
Fig. 11.

Fig. 11: HIL simulation connection

From Fig. 11, both standalone and grid-connected
modes of the considered system were used as the same
connection between microcontroller board and MATLAB.
In addition, the system parameters for HIL were set to the

same as the simulation results. For the HIL simulation, the
irradiance was changed from 1000 W/m? to 600 W/m? and
800 W/m? at the time instants 0.3 and 0.5 s, respectively.
In this scenario, the reference voltage across the capacitor
(V) was set equal to 340 V and the reference output
voltage of inverter (v, ) was defined at 120 Vims. The

results of standalone and grid-connected modes are
illustrated in Fig. 12.
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Fig. 12: HIL simulation results of stand-alone mode

From Fig. 12, the V,; can be regulated at 340 V in any

irradiance by using the proposed controllers while the
stand-alone mode is operated. For this mode, the fuzzy
controller can provide the better performance in transient
response compared with the PI controller at the time equal
0.3 and 0.5 s.
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Fig. 13: HIL simulation results of grid-connected mode

In addition, the proposed controllers can be used to
control the qZSI in the mode of grid-connection as
depicted in Fig. 13. The V., can be controlled with the
combination between the MPPT algorithm and the
proposed controllers for tracking the MPP from PV arrays.
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In the grid-connection mode, the lower oscillation and
faster response of V,, can be achieved by the fuzzy
controller. Moreover, when the output power from PV
arrays ( p,, ) is considered, the better response of p,—can
be also provided by the fuzzy controller as seen the zoom
area of p, responsein Fig. I4.

Pl controller
___ Fuzzy controller

o, ¢
z Lpe—
& 4
am0
4 -
3000 N
95 oz 3 o4 05 os o7

time (sec)

Fig. 14: Output power comparison of PV arrays grid-
connected mode between PI and fuzzy controllers.

As for the HIL results in both mode operations, it can
confirm that the fuzzy controller can provide the better
performance compared with the conventional PI
controller.

6. CONCLUSION

This paper presents a PV-Rooftop system operated in
both stand-alone and grid-connected modes. The fuzzy
logic controllers for the considered system used the
triangular input membership function and the tone bar
output membership function. There are 9 fuzzy rules for
3linguistic values, The membership function position of
the fuzzy logic controller design was determined via trial-
and-error approach. This is based on the relationship
between the input voltage and shoot-through duty. The
designed PI and fuzzy logic controllers were tested using
simulation to verify the controller performance. According
to simulation and HIL results, the proposed fuzzy
controller can efficiently regulate the Quasi-Z-Source
Inverter in both stand-alone and grid-connected modes
compated with the conventional PI control.
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TUsunsuAAuANNLad IS UYANA#IUI9RTDULID SLAD TUNAITD DUNLAUD

LUUAD LA lnUADESE

v oo N o oW

10.
11.
12.

13.
14.

15.

16.
17.
18.
19.
20.
21.
22.

#include "DSP28x_Project.h"

#include "DSP2833x_Device.h"  // Device Headerfile and Examples
Include File

#include "DSP2833x_Examples.h"

#include <stdio.h>

#include <stdlib.h>

#include "IQmathLib.h"

#include "math.h"

#if (CPU_FRQ_150MHZ)  // Default - 150 MHz SYSCLKOUT

#define ADC_MODCLK 0x3  // HSPCLK = SYSCLKOUT/2*ADC_MODCLK2 =
150/(2*3) = 25.0 MHz

#endif

#if (CPU_FRQ_100MHZ)

#define ADC_MODCLK 0x2 // HSPCLK = SYSCLKOUT/2*ADC_MODCLK2 =
100/(2*2) = 25.0 MHz

#endif

#define ADC_CKPS 0x0 // ADC module clock = HSPCLK/1 = 25.5MHz/(1)
= 25.0 MHz

#define ADC_SHCLK 0x1 - // S/H width in ADC module periods = 2 ADC
cycle

#define AVG 1000 // Average sample limit

#define ZOFFSET ~ 0x00 // Average Zero offset

#define BUF_SIZE 1024 // Sample buffer sizes

// Prototype statements for functions found within this file.

void InitEPwm 1Example(void);

void InitEPwm2Example(void);

void InitEPwm3Example(void);



23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
az.

43.

a4,
45.
ae.
a7.
48.
49.

void InitEPwmd4Example(void);
interrupt void epwm?1_isr(void);
interrupt void epwm?2_isr(void);
interrupt void epwm3_isr(void);
interrupt void epwmd _isr(void);
interrupt void cpu_timer0_isr(void);
void Gpio_select(void);

Uint32 EPwm1TimerintCount;
Uint32 EPwm2TimerintCount;
Uint32 EPwm3TimerintCount;
Uint32 EPwm4TimerintCount;
Uintl6 EPwm1 DB Direction;
Uintl6 EPwm2 DB Direction;
Uintl6 EPwm3 DB Direction;
Uintl6 EPwmd DB_Direction;

void Fuzzy controller(float e);

// Global variable for this example
float Va=1800,Vb=2000,Vc=2200;

float ksqrt23=0.8165,kinvsqrt23=1.2247,k=0.8165;

float

192

Voltage VR1=0,Voltage VR2=0,Voltage VR3=0,Voltage VR4=0,Voltage VR5=0

,Voltage VR6=0,Voltage VR7=0,Voltage VR8=0;

float

V_ch1=0,V_ch2=0,V ch3=0,V_chd=0,V ch5=0,V ch6=0,V ch7=0V ch8=0;
float Valpha=0,Vbeta=0,theta=0,thetal=0,amplitudeV=0,vd=0,Vg=0;

float Vab_actual=0,Vbc_actual=0,vVdc=0,la=0,lb=0,Ic=0,Idc=0,Vc1=32,Vin=25;

float w,intheta_0=0,intheta=0,lalpha=0,lbeta=0,ld=0,Ig=0;

int a=0;

// Global Variables ---> Pl controller

float Vcl ref,D,err v=0,d=0.05,d ref=0.2,Upv,Uiv,err v_0=0,Uiv_1=0,Uiv_0=0;



50.

51.

52.
53.

54.
55.

56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
T1.
12.
73.
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float
Vd_ref=0,err_vd=0,Upvd=0,Uivd=0,Upi_vd=0,err_id=0,err id 0=0,Upi vd ref=
O,err_vd 0=0,Uivd_1=0,Uivd _0=0,Upi _vd ref0=0;

float

Vg_ref=0,err vg=0,Upvg=0,Uivg=0,Upi_vg=0,err_ig=0,err iq 0=0,Upi vq_ref=
0,err_vqg_0=0,Uivg_1=0,Uivg_0=0,Upi_vq_ref0=0;

/] e > PI controller

float kpv=0.0015,kiv=0.0011,kpvv=0.05 kivw=0.020,kpi=0.016;  //kpv=Plvcd
kpvv=Plvo  kpi=Pic

float Ts=1.5e-5;

float

M alpha=0,M beta=0,M 0=0,Ma=0,Mb=0,Mc=0,Ma_compare=0,Mb_compare
=0,Mc_compare=0;

float M=0,Ma_1=0,Mb_1=0,Mc_1=0,CCC=0;

float fil_1=0.945fil_2=0.0549,AA=0,BB=0,CC=0;

// Maximum Dead Band values

#define EPWM1 MAX DB Ox03FF

#define EPWM2_MAX DB Ox03FF

#define EPWM3_MAX DB Ox03FF

#define EPWM4 MAX_DB Ox03FF

#define EPWM1_MIN DB 0

#define EPWM2_MIN_DB 0

#define EPWM3 MIN DB 0

#define EPWM4 MIN DB 0

// To keep track of which way the Dead Band is moving

#define DB_UP 1

#define DB_DOWN 0

// Prototype statements for functions found within this file.

void main(void)

{

InitSysCtrl();
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7.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.

92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
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// Specific clock setting for this example:

EALLOW;

SysCtrlRegs.HISPCP.all = ADC_MODCLK; // HSPCLK =
SYSCLKOUT/ADC MODCLK

EDIS;

Gpio_select();

DINT;

InitPieCtrl();

// Disable CPU interrupts and clear all CPU interrupt flags:

IER = 0x0000;

IFR = 0x0000;

InitPieVectTable();

EALLOW; // This is needed to write to EALLOW protected registers
EDIS; // This is needed to disable write to EALLOW protected registers
InitAdc(); // For this example, init the ADC

AdcRegs. ADCTRL1.bit. ACQ_PS = ADC SHCLK;

AdcRegs. ADCTRL1.bit.SEQ CASC = 1; // 1 Cascaded mode
AdcRegs. ADCTRL1.bit. CONT RUN = 1; // Setup continuous run
AdcRegs. ADCTRL1.bit.SEQ OVRD = 1; // Enable Sequencer override
feature

AdcRegs ADCTRL2.all = 0x2000;

AdcRegs. ADCTRL3.bit. ADCCLKPS = ADC_CKPS;

AdcRegs. ADCMAXCONV.bit. MAX_CONV1=0xf;

AdcRegs. ADCCHSELSEQ1.bit. CONV0OO = 0x0;  //AO

AdcRegs ADCCHSELSEQ1.bit. CONVO1 = Ox1;  //Al

AdcRegs. ADCCHSELSEQ1.bit. CONV02 = 0x2;  //A2

AdcRegs. ADCCHSELSEQ1.bit. CONV03 = 0x3;  //A3

AdcRegs. ADCCHSELSEQ2.bit. CONVO4 = Oxd;  //A4

AdcRegs. ADCCHSELSEQ2.bit. CONVO5 = 0x5;  //A5

AdcRegs. ADCCHSELSEQ2.bit. CONV06 = 0x6;  //A6

AdcRegs. ADCCHSELSEQ2.bit. CONVO7 = Ox7;  //AT
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AdcRegs ADCST.bit.INT_SEQ1 CLR = 1;

InitEPwm 1Example();

InitEPwm 2Example();

InitEPwm3Example();

InitEPwmadExample();

DINT;

//Enable CPU INT1 which is connected to CPU-Timer 0:
IER |= M_INT1,;

// Enable TINTO in the PIE: Group 1 interrupt 7
PieCtrlRegs.PIEIERL.bit.INTX7 = 1;

// Step 4. Initialize all the Device Peripherals:

// This function is found in DSP2833x_InitPeripherals.c
EALLOW,

SysCtrlRegs.PCLKCRO.bit. TBCLKSYNC = 0;

EDIS;

EALLOW,

SysCtrlRegs.PCLKCRO.bit. TBCLKSYNC = 1;

EDIS; // Enable global Interrupts and higher priority real-time debug events:
EINT; // Enable Global interrupt INTM

ERTM; // Enable Global real-129 time interrupt DBGM
// Step 6. IDLE loop. Just sit and loop forever (optional):
for(; 1

//1111111///// Recieve Vab_and_Vbc ////////////

Voltage VR1 = (AdcRegs. ADCRESULTO0>>4); //V_ch1 **Bit
V_chl= (Voltage VR1%*3.3)/4095;

Voltage VR2 = (AdcRegs. ADCRESULT1>>4); //V _ch2
V_ch2=(Voltage VR2*3.3)/4095;

/111111117//// Recieve ia_ib_ic ////////////

Voltage VR3 = (AdcRegs. ADCRESULT2>>4); //V ch3
V_ch3= Voltage VR3%*3.3/4095;



134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.

Voltage VR4 = (AdcRegs. ADCRESULT3>>4); //V _chd
V_chd= Voltage VR4*3.3/4095;

Voltage VR5 = (AdcRegs. ADCRESULT4>>4); //V_ch5
V_ch5= Voltage VR5%3.3/4095;

/1111111111111 Recieve \dc //////////1/

Voltage VR6 = (AdcRegs. ADCRESULT5>>4); //V_ché
V_ché6= (Voltage VR6*3.3/4095);

/1111717777111 Recieve Ncl ////////////

Voltage VR7 = (AdcRegs. ADCRESULT6>>4); //V _ch7
V_ch7= (Voltage VR7*3.3/4095);

/1177777777117 Recieve Vin /////////1//

Voltage VR8 = (AdcRegs. ADCRESULT7>>4); //V ch8
V_ch8= (Voltage VR8*3.3/4095);

/1177777777777 N and | actual /////1///7//

Vab_actual= (V_ch1-1.907)*59.996; //Nactual-Vp

Vbc_actual= (V_ch2-1.895)*59.996;
la=(V_ch3-1.834)*10.285;
lb=(V_ch4-1.855)*10.285
lc=(V_ch5-1.829)*10.285;
Idc=((V_ch6)*0.283)+0.0084;

Vcl=(V ch7¥50.073) +0.1159;
Vin=(V_ch8%*48.81) - 0.3099;

/1771711177777 N and | actual+filter //////////1/
Vab actual=fil_1*Vab actual+fil 2*Vab actual;
Vbc actual=fil_1*Vbc actual+fil 2*Vbc_ actual;
la=fil_1*la+fil_2*Ia;

Ib=fil_1*Ib+fil_2%Ib;

le=fil_1*lc+fil_2%Ic;

Vel=fil_1*Vcl+fil 2*Vcl;
Vin=fil_1*Vin+fil_2*Vin;
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//*¥*¥** theta stand-alone mode******/

w=2%3.14159%50 ; //f=50Hz w=2*pi*f //2.525
theta = intheta ;

intheta = intheta 0 + (W*Ts);

intheta 0 = intheta ;

if (intheta > 6.283185){intheta = O;intheta 0 = 0;}

Valpha=ksqgrt23*(Vab_actual+(0.5*Vbc_actual));
Vbeta=ksqrt23*(0.866*Vbc_actual);
lalpha=(ksqrt23)*(la-0.5*1b-0.5%Ic);

Ibeta =(ksqrt23)*(0.866*Ib-0.866*Ic);

Vd=Valpha*(cos(theta))+Vbeta*(sin(theta));
Vg=-Valpha*(sin(theta))+Vbeta*(cos(theta));
Id=lalpha*(cos(theta))+Ibeta*(sin(theta)),
lg=-lalpha*(sin(theta))+Ibeta*(cos(theta));

// PI controller AC loop D-axis —---------- S5

Vd ref=15; //43.3013

err vd = Vd ref-Vd;

Upvd=kpvv*err vd;
Uivd=(kivw*err_vd)*Ts;
Uivd_1=Uivd+Uivd 0; //Uivd new

Uivd 0=Uivd_1; //Uivd old
Upi_vd=(Upvd+Uivd 1),

err_id = Upi_vd-ld;

Upi_vd refO= (kpi*err_id);

Upi_vd ref=Upi_vd ref0;

// Pl controller AC lOOp Q-axis —————-——-—- >>>

Vq_ref=0;
err_vq = Vq_ref-Vg;
Upvg=kpvv*err vg;
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Uivg=(kivw*err vg)*Ts;
Uivg_1=Uivg+Uivg_0; //Uivg new
Uivg_0=Uivg_1,; //Uivq old
Upi_ vg=(Upvg+Uivg_1);
err_iq = Upi_vao-lg;
Upi_vq_refO= (kpi*err_iq);
Upi_vq_ref=Upi_vq_ref0;
/// Pl controller DC loop----------- >>>
Vcl ref=50;
D = (Vcl _ref-Vin)/((2* Vcl_ref)- Vin);
err v =Vcl ref - Vcl;
/// Pl controller DC loop----------- >>>
Vcl ref=50;
D = (Vcl_ref-Vin)/(2* Vcl_ref)- Vin);
err v =\Vcl ref - Vcl;
Upv=kpv*err v;
Uiv=(kiv¥err v)*Ts;
Uiv_1=Uiv+Uiv_0; //Uiv new
Uiv_0=Uiv_1; //Uiv old
d=(Upv+Uiv_1)/10;
d ref=(d+D);
if(d_ref>0.4){d ref=0.4;}if(d_ref<=0.001){d ref=0.001;} //limit
/7****End DC Controller** ¥/

M alpha=Upi vd ref*cos(theta)+ Upi vq ref*(-sin(theta));
M beta=Upi vd ref*sin(theta)+ Upi_vq_ref*cos(theta);
M _0=0;

Ma_1=(((kinvsqrt23)*(0.6667*M_alpha)));
Mb_1=(((kinvsqrt23)*(-0.3333*M _alpha+0.5774*M _beta)));
Mc_1=(((kinvsqrt23)*(-0.3333*M _alpha-0.5774*M beta)));
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AA=(((kinvsqrt23)*(0.6667*M_alpha)));

Ma = ((Ma_1/1)+1)*0.5*3750;
Mb = ((Mb_1/1)+1)*0.5*3750;
Mc = (Mc_1/1)+1)*0.5*3750;
iftMa>3750){Ma=3750;}if(Ma<=0){Ma=0;}
iftMb>3750){Mb=3750;}if(Mb<=0){Mb=0;}
iftMc>3750){Mc=3750;}if(Mc<=0}{Mc=0;}
Va = Ma;
Vb = Mb;
Vc = Mc;
d ref=d ref;
EPwm1Regs.CMPA.half.CMPA = 3750-Va;
EPwm2Regs.CMPA.half.CMPA = 3750-Vb;
EPwm3Regs.CMPA.half. CMPA = 3750-Vc;
EPwm4Regs.CMPA.half.CMPA = (1 -d_ref)*1875;//
// end of forever loop //
}
}
void InitEPwm 1Example()
{
EPwm1Regs. TBPRD = 3750; // Period = 1600 TBCLK counts
EPwm1Regs. TBPHS.half. TBPHS = 0; // Set Phase register to zero
EPwm1Regs. TBCTL.bit. CTRMODE = TB_COUNT_UPDOWN; // Symmetrical
mode
EPwm1Regs. TBCTL.bit.PHSEN = TB_DISABLE; // Master module
EPwm1Regs. TBCTL.bit.PRDLD = TB_SHADOW,;
EPwm1Regs. TBCTL.bit.SYNCOSEL = TB_CTR ZERO; // Sync down-stream
module
EPwm1Regs.CMPCTL.bit. SHDWAMODE = CC_SHADOW,;
EPwm1Regs.CMPCTL.bit. SHDWBMODE = CC_SHADOW,;
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EPwm1Regs.CMPCTL.bit. LOADAMODE = CC_CTR _ZERQO; // load on CTR=Zero
EPwm1Regs.CMPCTL.bit. LOADBMODE = CC_CTR_ZERO; // load on CTR=Zero
EPwm1Regs. AQCTLA.bit.CAU = AQ SET; // set actions for EPWM1A
EPwm1Regs. AQCTLA.bit.CAD = AQ CLEAR;

EPwm1Regs.DBCTL.bit. OUT _MODE = DB_FULL ENABLE; // enable Dead-band
module

EPwm1Regs.DBCTL.bit.POLSEL = DB_ACTV_HIC; // Active Hi complementary
EPwm1Regs.DBFED = 10; // 10 = lusec

EPwm1Regs.DBRED = 10; // 10 = lusec

}

void InitEPwm2Example()

{

EPwm2Regs. TBPRD = 3750; // Period= 1600 TBCLK counts

EPwm2Regs. TBPHS.half. TBPHS = 0; // Set Phase register to zero

EPwm2Regs. TBCTL.bit. CTRMODE = TB_COUNT UPDOWN; // Symmetrical
mode

EPwm2Regs. TBCTL.bit.PHSEN = TB_ENABLE; // Slave module

EPwm2Regs. TBCTL.bit.PRDLD = TB_ SHADOW,;

EPwm2Regs. TBCTL.bit.SYNCOSEL = TB_SYNC IN; // sync flow-through
EPwm2Regs.CMPCTL.bit. SHDWAMODE = CC_SHADOW,
EPwm2Regs.CMPCTL.bit. SHDWBMODE = CC_SHADOW;
EPwm2Regs.CMPCTL.bit. LOADAMODE = CC CTR ZERQO; // load on CTR=Zero
EPwm2Regs.CMPCTL.bit. LOADBMODE = CC_CTR_ZERO; // load on CTR=Zero
EPwm2Regs. AQCTLA.bit.CAU = AQ SET; // set actions for EPWM2A
EPwm2Regs. AQCTLA.bit.CAD = AQ CLEAR;
EPwm2Regs.DBCTL.bit. OUT _MODE = DB_FULL ENABLE; // enable Dead-band
module

EPwm2Regs.DBCTL.bit.POLSEL = DB_ACTV_HIC; // Active Hi complementary
EPwm2Regs.DBFED = 10; // 10 = lusec

EPwm2Regs.DBRED = 10; // 10 = lusec

}



284.
285.
286.
287.
288.

289.
290.
291.
292.
293.
294.
295.
296.
297.
298.

299.
300.
301.
302.
303.
304.
305.
306.
307.

308.
309.
310.
311

201

void InitEPwm3Example()

{

EPwm3Regs. TBPRD = 3750; // Period = 1600 TBCLK counts

EPwm3Regs. TBPHS.half. TBPHS = 0; // Set Phase register to zero
EPwm3Regs. TBCTL.bit. CTRMODE = TB_COUNT_UPDOWN; // Symmetrical
mode

EPwm3Regs. TBCTL.bit.PHSEN = TB_ENABLE; // Slave module

EPwm3Regs. TBCTL.bit.PRDLD = TB_ SHADOW,;

EPwm3Regs. TBCTL.bit.SYNCOSEL = TB_SYNC IN; // sync flow-through
EPwm3Regs.CMPCTL.bit. SHDWAMODE = CC_SHADOW;
EPwm3Regs.CMPCTL.bit. SHDWBMODE = CC_SHADOW,
EPwm3Regs.CMPCTL.bit. LOADAMODE = CC CTR ZERQC; // load on CTR=Zero
EPwm3Regs.CMPCTL.bit. LOADBMODE = CC_CTR ZERO; // load on CTR=Zero
EPwm3Regs. AQCTLA.bit.CAU = AQ SET; // set actions for EPWM3A
EPwm3Regs. AQCTLA.bit.CAD = AQ CLEAR;
EPwm3Regs.DBCTL.bit.OUT MODE = DB FULL ENABLE; // enable Dead-band
module

EPwm3Regs.DBCTL.bit.POLSEL = DB ACTV HIC; // Active Hi complementary
EPwm3Regs.DBFED = 10; // 10 = 1usec

EPwm3Regs.DBRED = 10; // 10 = lusec

}

void InitEPwmdExample()

{

EPwmdRegs. TBPRD = 1875; // Period = 1600 TBCLK counts

EPwm4Regs. TBPHS.half. TBPHS = 0; // Set Phase register to zero
EPwm4Regs. TBCTL.bit. CTRMODE = TB_COUNT _UPDOWN; // Symmetrical
mode

EPwm4Regs. TBCTL.bit.PHSEN = TB_ENABLE; // Slave module

EPwmdRegs. TBCTL.bit.PRDLD = TB_SHADOW,;

EPwm4dRegs. TBCTL.bit.SYNCOSEL = TB_SYNC _IN; // sync flow-through
EPwm4Regs.CMPCTL.bit. SHDWAMODE = CC_SHADOW;
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EPwm4Regs.CMPCTL.bit. SHDWBMODE = CC_SHADOW,;
EPwm4Regs.CMPCTL.bit. LOADAMODE = CC_CTR ZERQC; // load on CTR=Zero
EPwm4Regs.CMPCTL.bit. LOADBMODE = CC_CTR_ZERO; // load on CTR=Zero
EPwm4Regs. AQCTLA.bit.CAU = AQ SET; // set actions for d++

EPwm4Regs. AQCTLA.bit.CAD = AQ_ CLEAR;
EPwm4Regs.DBCTL.bit. OUT _MODE = DB_FULL ENABLE; // enable Dead-band
module

EPwm4Regs.DBCTL.bit.POLSEL = DB_ACTV_HIC; // Active Hi complementary
EPwmdRegs.DBFED = 10; // 10 = lusec

EPwm4Regs.DBRED = 10; // 10 = lusec

}

void Gpio_select(void)

{

EALLOW;

GpioCtrlRegs.GPAMUX1.all = 0x0000;

GpioCtrlRegs.GPAMUX1.bit.GPIOO = 1; // ePWM1A active
GpioCtrlRegs.GPAMUX1.bit.GPIO1 = 1; // ePWM1B active
GpioCtrlRegs.GPAMUX1.bit.GPIO2 = 1; // ePWM2A active
GpioCtrlRegs.GPAMUX1.bit.GPIO3 = 1; // ePWM2B active
GpioCtrlRegs.GPAMUX1.bit.GPIO4 = 1; // ePWM3A active

GpioCtrlRegs. GPAMUX1.bit.GPIO5 = 1; // ePWM3B active
GpioCtrlRegs.GPAMUX1.bit.GPIO6 = 1;// duty (1-d)OUTDUTY++ 20k
GpioCtrlRegs.GPBMUX1.all = 0x0000; // GPIO functionality GPIO32-GPIO47

// GpioCtrlRegs.GPBMUX2.all = 0x00000000;

GpioCtrlRegs.GPCMUX1.all = 0x0000; // GPIO functionality GPIO64-GPIO79

// GpioCtrlRegs.GPCMUX2.all = 0x00000000;

GpioCtrlRegs.GPADIR.all = 0x0000;

GpioCtrlRegs.GPBDIR.all = 0x0000; // GPIO32-GPIO47 are output
GpioCtrlRegs.GPCDIR.all = 0x0000; // GPIO64-GPIOT79 are output

EDIS;}
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