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NAMON KUNJITTIPONG : THE FUZZY CONTROL OF A HIGH STEP-
UP MULTI-INPUT BOOST CONVERTER FOR RENEWABLE ENERGY

SYSTEMS. THESIS ADVISOR : ASST. PROF. SUDARAT KHWAN-ON,

Ph.D. 237 PP.

HIGH STEP-UP BOOST CONVERTER/ MULTI-INPUT BOOST CONVERTER/

RENEWABLE ENERGY/, FUZZY CONTROLLER

This thesis proposes the fuzzy control of a high step-up multi-input boost
converter for renewable energy systems. The desired constant output voltage of 400V
can be achieved from the low input voltage of approximately 20V generated from the
solar energy source. The proposed fuzzy control consists of two inputs, the output
voltage error and the input current error. The nine fuzzy rules are designed for each
single-switch boost converter based on the investigation of the converter operation. The
output of the fuzzy control is the change of the duty cycle, resulting the appropriate
duty cycle for the converter when the dc power supply and the photovoltaic modules are
used to feed the power to the load. In addition, in the case of multi solar energy sources
supplied to the high step-up multi-input boost converter the appropriate power can be
delivered to the load associated with the rated power of each solar energy source. The
current weighting technique is employed to provide the proper input current reference
according to the rated current of the solar energy source. Simulation results show the
effectiveness of the developed fuzzy controller for the high step-up two-input boost
converter under different operating situations. The high step-up three-input boost
converter is also simulated to demonstrate the performance of the proposed fuzzy

control. The comparison between the proposed fuzzy controller and the PI controller for



the high step-up two-input boost converter confirms that the proposed fuzzy control can
provide the faster response than the P1 controller. Moreover, the experimental setup is
built to present the effectiveness of the proposed fuzzy control for the high step-up two-
input boost converter. The dc power supplies and the solar energy sources are employed
to supply the converter under different operating conditions. The experimental and
simulation results show the satisfactory performance of the proposed fuzzy control
designed for the high step-up two-input boost converter in order to regulate the output

voltage at the desired constant level under various operating conditions.
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C Start D)
4

[y 1 a . . o d
/Uﬂmi:uﬁﬂuw@ Ir1 MAg Q7o) HAZUTIAUDIAYA VO/

L 2

MutulSuninadneann ADC IFiHswAINTLIE LAZITIANTT

L 2

uadnuAanaanazlan FuauIBnve s iy (AY) 1AZNIIUA (AL, AL,)

. 2

Uszurang o

v

NMSANSFIATUNIA ADy , AD,
o Vv o v A a o
fnumigansiiivesalag o, D,

v

hdana PWM i Iduaauge Sy, S,

3% 521 usumwmIAIUA T
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i Tsunsu @i 3 daudddail

1 A = o v 1 @ J - . .
@i 1 TsunsumuBamsuSuA MR UeIANG (7, ) 1ag nIzua@una (izy , i)

[

Y
tazimsmuIulSumaIneann ADC 1ﬁlﬁﬂﬂlﬂ1ﬂ1ﬂi$Llﬁ LAZITIAUDT I LAAIAT

Current_linl = AdeMirror. ADCRESULTL;  /5UAIAIA0AVOINITZUT iy
Current Iin2 = AdeMirror ADCRESULT?; /5UAAVNDAVOINTENE 7,0

Voltage Vout = AdeMirror ADCRESULT3;  /5UA1A9A00V0UITIAY V,

digi_il=Current Iinl; /BWANAMNTEU i1y
digi_i2=Current_Iin2; /OWANANIZUA 151
digi v=Voltage Vout; /BWANAULTIAY V,

iin1=(0.0029*digi_i1)+0.0684; /AISURBUANIZUE iy, MINEUMNST (5-1)
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iin2=(0.0029*digi_i2)-0.0434; JFUMBIAINIZIA i MINAUNS (5-2)

vout=(0.1483*digi_v)+2.3108; /ASUNBUAITIAY V, MAFUMS (5-5)

gt 2 TsunsumBdmsudmumsaunuilsd HaraasaT

//Fuzzy control loop 1

EV = (Vref-vout)/400; JAUIUAINNUAANAIAVDIUTIAY V,
U5u1¥eg lugluuusasdumil i
(normalization)

EV1 = Vref-vout; R IUAIANUAANIATE T IA U D

i lminszuadeds

wl=Imax1/(Imax 1+Imax2); /NIRRT IAVRUNAIY Vi
Trefl = Iref + EVI*Ts*w1; /AnumanIzLad 19 gUnszud 1

EI = Irefl-iin; JATUIMAINIUHANIAVDINTEUE 111
//Fuzzy control loop 2

w2= Imax2/(Tmax 1 +Imax2); MNTB I IR LA YR UHE I Vi
Tref2 = Irefnt+ EV1*Ts*w2; /AMNMNAINI A 1999g U nTZIE 2

EI2 = Iref2-iin2; JAUIUAINNUAANDIAVOINTLUE [0

i 3 Wsunsuan@dmsuAl s Fuan®n uansdail
//M3111 Membership Function U939 EV

if (BV <0){ JMEENTNEA N
if (BV <=-1){ mfel =1}

else if (EV. =0){ mfel =0; }

else if (EV > -1 && EV <0 ){ mfel=((-EV)/(1));}

else if (EV >-0.5 && EV< 0){ mfel=((-EV)/(1));} }

if (BV > -1 && EV < 1){ JMIMANTNER Z
if (BV = 0){ mfe2=1;}

else if (EV >-1 && EV <= -0.5){ mfe2=((1+EV)/(1));}

else if (EV >-0.5 && EV<0){ mfe2=((1+EV)/(1));}

else if (EV>0 && EV<= 0.5){mfe2=((1-EV)/1);}

else if (EV > 0.5 && EV < 1){mfe2=((1-EV)/(1));}}



if (EV > 0){ JMIMANBNER Z
if (EV>=1{mfe3 =1}

else if (EV = 0){mfe3=0;}

else if (EV >0 && EV < 1){mfe3=((EV)/1);}

else if (EV >0.5 && EV< 1){ mfe3=((EV)/(1));}}

//M3¥1 Membership Function U®4 EI

if (BI <0){ JMIMANTNER N
if(EI <=-1){mferl =1;}

else il EI = 0){mferl =0;}

else if (EI > -1 && EI < 0){mfer1=((-EI )/(1));}

else if (EI >-0.5 && EI < 0){mfer1=((-EI )/(1));}}

if (BI >=-1 && El <= 1){ JMIMANBNER Z
if (BI = 0){mfer2=1;}

else if (EI>-1 && EI <-0.5){mfer2=((1+EI )/(1));}

else if (EI >-0.5 && EI < 0){ mfer2=((1+EI )/(1));}

else if (EI >0 && EI <= 0.5) {mfer2=((1-EI )/(1));}

else if (EI > 0.5 && EI < 1){ mfer2=((1-EI )/(1));} }

if (BI > 0){ [MIHFNTFNEEH P
if (Bl >=1){mfer3 =1 ;}

else if (EI = 0){ mfer3=0;}

else if (EI >0 && EI < 1){mfer3=((EI )/(1));}

else if (EI >0.5 && EI < 1){mfer3=((EI )/(1));} }

/N3 Membership Function U89 EI2

if (E12 <0){ AMTHFINT IR N
if(E12 <=-1){mfetl =1}

else if(EI2 = 0){mfetl =0; }

else if (EI2 > -1 && EI2 < 0){mfet1=((-EI2 )/(1));}

else if (EI2 >-0.5 && EI2 < 0){mfet1=((-EI2 )/(1));} }

if (E12 >=-1 && EI2 <= 1){ JMSHFNTFNER Z
if (EI2 = 0){mfet2=1;}

else if (EI2 >-1 && EI2 <-0.5){mfet2=((1+EI2 )/(1));}

113
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else if (EI2 >-0.5 && EI2 < 0){ mfet2=((1+EI2 )/(1));}
else if (EI2 >0 && EI2 <= 0.5){mfet2=((1-EI2 )/(1));}
else if (EI2 > 0.5 && EI2 < 1){ mfet2=((1-EI2 )(1));}}
if (B2 > 0){ JMIMANTBNER P
if (E12>= D{mfet3 =1 ;}

else if (EI2 = 0){ mfet3=0;}

else if (EI2 >0 && EI2 < 1){mfet3=((E12 )/(1));}

else if (EI2 >0.5 && EI2 < 1){mfet3=((EI12 )/(1));}}
duit 4 Tsunsumenddmsung e MereRo!
ingilaidon 1 dwsumem ADy
if (mfe1>=0 || mfer1>=0){

if (mfel<mferl)

mfl=mfel;

else mfl=mferl;

ol=N*mfl;}

//m;]ﬁcﬁeﬁ'aﬁ 28T VMR ADy

if (mfe1>=0 || mfer2>=0){

if (mfel<mfer2)

mf2=mfel;

else mf2=mfer2;

02=N*mf2;}

yngiadtof sdwsume ADy
if (mfe1>=0 || mfer3>=0){

if (mfel<mfer3)

mf3=mfel;

else mf3=mfer3;

03=Z*mf3;}

/ngiaEtod 4 dmsume AD
if (mfe2>=0 || mfer1>=0){

if (mfe2<mfer1)

mfd=mfe2;



else mfd=mferl;

oA=N*mif4;}

/ngiadtod s dmsume AD
//rule5

if (mfe2>=0 || mfer2>=0){

if (mfe2<mfer2)

mf5=mfe2;

else mf5=mfer2;

05=Z*mf5;}

mngiaETef 6 dmsumm AD
if (mfe2>=0 || mfer3>=0){

if (mfe2<mfer3)

mf6=mfe2;

else mf6=mfer3;

06=P*mf6; }

ingiadtod 7 dmsume ADy
if (mfe3>=0 || mfer1>=0){

if (mfe3<mferl)

mf7=mfe3;

else mf7=mferl;

07=Z*mf7}

/ngiadtod 8 dmsumam AD
if (mfe3>=0 || mfer2>=0){

if{ mfe3<mfer2)

mf8=mfe3;

else mf8=mfer2;

08=P*m(f8; }

ngiaEted o dmsume AD
iflmfe3>=0 || mfer3>=0){

if (mfe3<mfer3)

mf9=mfe3;
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else mfO9=mfer3;

09=P*mfY; }

/mgiladden 1 dmsuem AD,
if (mfe1>=0 || mfet1>=0){

if (mfel<mfetl)

mffl=mfel;

else mffl=mfet1;

of I=N*mffl; }

/mgiladdten 2 dmsurem AD,
if (mfel1>=0 || mfet2>=0){

if (mfel<mfet2)

mff2=mfel;

else mff2=mfet2;

of2=N*mff2; }

/ngiladden 3 dmsumem AD,
if (mfe1>=0 || mfet3>=0){

if (mfel<mfet3)

mff3=mfel;

else mff3=mfet3;

of3=7*mff3; }

/ngiladden 4 dmsurem AD,
if (mfe2>=0 || mfet1>=0){

if (mfe2<mfetl)

mffd=mfe2;

else mff4=mfet1;

of4=N*mff4; }

/ngiladdef s dmsurem AD,
if (mfe2>=0 || mfet2>=0){

if (mfe2<mfet2)

mff5=mfe2;

else mff5=mfet2;
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of5=Z*mif5; }

/ngila3Tet 6 dmsume AD,
if (mfe2>=0 || mfet3>=0){

if (mfe2<mfet3)

mff6=mfe2;

else mffe=mfet3;

of6=P*mff6; }

/ngiladden 7 dmsurem AD,
if (mfe3>=0 || mfet1>=0){

if (mfe3<mfetl)

mff7=mfe3;

else mff7=mfet1;

of 7=2*mff7; }

/mgiladden 8 dmsumem AD,
if (mfe3>=0 || mfet2>=0){

if{ mfe3<mfet2)

mff8=mfe3;

else mff8&=mfet2;

of8=P*mff3; }

/mngiladdei o dmsurmm AD,
iflmfe3>=0 || mfet3>=0){

if (mfe3<mfet3)

mff9=mfe3;

else mff9=mfet3;

of9=P*mff9; }

' ~ A o v o o W Y A A o 4 ~
sazaIun s Tsunsunmnddmsumaniginsniinnvesadiag nntuaSoumeu
[ A = 9 1 1] " v o Y A a S A F [ =
dygragladuaumasaiumi AUA1ININTHINNYIAIAY NI T Yy 19 PWM &3
4 4
szunanameluvesalulasnou Insames
1 = = 1 %7' % d’
Num=o01+02+03+04+05+06+07+08+09; JaraasFIa I NmagUea ADy

if Den==0)
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{Den=le-12; }

deltaduty 1 =(Num/Den);

newduty 1=oldduty1+deltaduty; JEAUMIAUIUAT Dy
oldduty1 = newduty; saruveenisnua1iginsni1n@y
(oldduty1)

Num2=of1+of2+of3+of4+of5+of6+of 7+of8+0f9;
ranaiaEmnamiminmaeved AD,
Den2=mff1+mff2+mff3+mff4-+mff5+mffo-+mff7+-mft8-+mft9;
if{ Den=0)
{Den=le-12; }

deltaduty? =(Num2/Den2);

newduty2=oldduty2+ deltaduty?; /A umsmn Dy

oldduty? = newduty?; G RAERLRETGETERET) Fnsnd 1@
(oldduty?)

// DUTY limiter //ﬁmuﬂmammmmﬁﬁ’g%ﬂwﬁﬁﬁ and

Weglugefiaunsarhanls
if(newduty1<0) { newduty1=0;} //ﬁmuﬂ?iﬁ’g{fﬂﬁwﬁﬁﬁa%ﬂ?"'laj@%mﬁ 0
else ifinewduty1>=0.7) { newduty1=0.7;} //ﬁmumﬁ’gﬁ’ﬂiwﬁﬁﬁ%cﬂmﬁu 0.7
else{ newdutyl= newdutyl;}
iflnewduty2<0){ newduty2=0;} //ﬁmuﬂﬁﬁ’gﬁ’ﬂﬁwﬁﬁﬁa%ﬂ?hiﬁm’h 0
else iflnewduty2>=0.7) { newduty2=0.7;} //ﬁmuﬂﬁﬁ’gﬁ’ﬂiwﬁﬁﬁﬁ%cﬂmﬁu 0.7
else{ newduty2= newduty2;}
// update DUTY
EPwm2Regs.CMPA half. CMPA=3750-3750*duty2;

/Swemdayanss PWM dmsueing S,
EPwml1Regs.CMPA.half. CMPA=3750-3750*duty1;

/Swemdayans PWM dmsusing S
u'e'Jﬂmﬂﬁﬂ”ﬂmﬂmﬂinﬂm1@?5??1145"%mﬂumiﬁwmﬂlud’m?}u 9 flumsimuan

2 XY o A A 1
L‘ill@al’u lla5ﬂ15ﬂ§$ﬂ1ﬁﬁ\1ﬂ%ﬂﬂ’lilﬂ1\ﬂu ﬁ']il']iﬂﬁﬂ]&l']i'lﬂagl?)ﬂﬂlwulﬁuiuﬁjuﬂqﬂwujﬂ fl.
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a.1 Tlsunsuadadyana PWM daavesalulnsaeulnsaiaes DSP 34 TMDSDOCK28335

9 o [ J [ [ a {
Tﬂil!ﬂiﬂﬂ1y1%ﬁ1‘ﬂ§ﬁﬂ'J‘]_If’;llll,!j\iﬂu!ﬂWW!G]ﬁﬂﬂiﬂﬂﬁzﬂﬂlliﬂﬂuuﬂﬂﬁﬂ?ﬂ’ﬁ]uwﬁﬁﬁ

BATIVEUTIAUG
#include "DSP2833x Device.h" //Tva@ headerfile t1az Examples Include File
#if (CPU_FRQ 150MHZ) /M358 SYSCLKOUT a1 150 MHz
#define ADC_MODCLK 0x3 /Ayt ADC_HSPCLK = 150/(2*3) = 25MHz
#endif
#if (CPU_FRQ_100MHZ) /M58 SYSCLKOUT a1 100 MHz
#define ADC_MODCLK 0x2 /Y1811 ADC_HSPCLK = 100/(2*2) = 25MHz
#endif

d o d o g ~ 1
/--—--lsgmenlandunieuen (Wandunugiuneygly Headerfile)--—-

// external function prototypes

extern void InitAdc(void); //ﬂqﬁﬁﬁ’uﬁmuﬂmﬁugmmm ADC

extern void InitSysCtrl(void); /lan ﬁmuﬂfh‘ﬁugmmm CPU

extern void InitPieCtrl(void); //ﬁaf‘fﬁﬁ'umimmn Peripheral Interrupt Expansion
extern void InitPieVectTable(void); /R FuanTa Peripheral Interrupt Expansion
extern void InitCpuTimers(void); /lanTu ﬁ?ﬂl!ﬂm“ﬁug 11U CPU Timer

extern void ConfigCpuTimer(struct CPUTIMER VARS *, float, float); //ﬁﬂﬁ%ﬂﬁ?iﬂﬂ

Tasea31a ¥99 CPU Timer

o o @
J——-Alsgmeiansud o 14—

/1

. . . 0’ o/ .
void Gpio_select(void); /AlsemMANINTY Gpio_select

void Setup_ePWM(void); /Alszmeanan Setup_ ePWM



interrupt void cpu_timer0_isr(void);

interrupt void adc_isr(void);

//—---sgmadls--—
unsigned int Voltage VR1;
unsigned int Current_lin1;
unsigned int Current_[in2;
unsigned int Voltage Vout;
float digi_11=0,digi_i2=0,digi_v=0;
float 1in1=0,iin2=0,vout=0;
float Ts=1e-6;

float T=0;

float Vref=400;

float EV=0,EV1=0;

float Sum 1=0,Sum_2=0;

float Iref=0, Iref1=0, Iref2=0;
float EI=0, E12=0;

float Imax1= 8, Imax2 =5
float k1 ,k2 ;

float P_15=-1,P 16=0,P 17=1;

float 01,02,03,04,05,06,07,08,09;

float of1,0f2,0f3,0f4,0f5,0f6,0f7,0f8,019;

float mfel1=0 ,mfe2=0 ,mfe3=0
float mfer1=0 ,mfer2=0,mfer3=0

float mfet1=0 ,mfet2=0,mfet3=0
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J o
/Alsemaandu interrupt void cpu_timerQ_isr

S . .
/1 Uszmanansu interrupt void adc_isr

/Alsemaaans Voltage VRI1
/Alsemaaans Current linl
/Alsemaaals Current lin2
/lsemaaands Voltage Vout
/lsemanands digi il, digi i2 uae digi v
/lsgmaaanals iinl, iin2 t1ag vout
/Alsemaaanls sampling time
/Alsgmaaanls Time

/)5EMARIILS Vref 153AUD1ANAB19D3
/lsgmaaaals BV, EVI

/Alsemaands Sum 1, Sum 2 @MSUINTELE
51484

/lszmieaands Iref, Trefl 1@ Iref2
/Alsemaaals El tag EI2
JMAUANNANTEUETLHAI1Y
/Alsemaaanls k1 uaz k2

/lsgmeauls P 15, P 16 waz P_17

/lsemaaiuals 01,02,03,04,05,06,07,08,09

lsenieaanalsofl,062,0f3,0f4,0f5,0f6,0f7,0£8,0f9

/lsemaaanils mfel, mfe2, mfe3
Hlsemaaanls mferl, mfer2, mfer3

Hsemaaanls mfetl, mfet2, mfet3

float mfl, mf2, mf3, mf4,mf5, mf6, mf7,mf8,mf9 /152 MAA 1S mfl, mf2, mf3, mf4,mfS,mf6,

mf7,mf8, mf9

float mff1, mff2, mff3, mff4,mff5, mff6, mff7, mffs8,mffo /lsemaaals mffl, mff2, mff3,



mff4,mff5, mff6, mff7, mff8, mffY

float Den=0 ,Num=0, Den2=0 ,Num2=0 ; // Usemaaus Den, Den2 ,Num, Num2

float duty1=0; /lsgmaaandls dutyl
float dutyf1=0; /lsgmaaanls dutyfl
float dutyl 1=0; /lsgmeaauls dutyl 1
float duty2=0; /Alszmaaanls duty2
float dutyf2=0; /lsgmaaanis dutyf2
float duty? 1=0; /lsemaaantls duty2 1

//----main code----

//
void main(void)
{
InitSysCtrl(); //Tvaq PLL, WatchDog, enable Peripheral Clocks
EALLOW;

SysCtrlRegs. WDCR= 0x00AF;

EDIS;

DINT; /MM TNUUDIBUADT THA
Gpio_select(); //ﬁﬂ/ium»iﬁ'ﬁ'ﬁ'ﬁummﬁuwﬂﬂ,m@fwﬁ
Setup_ePWM(); JuAmGUAUE IS PWM
InitPieCtrl(); A s uAUd 1Y PIE table

InitPieVectTable();
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3

InitAdc(); /vaansudunugIUYeImsulas ADC

AdcRegs.ADCTRLI1.all = 0;

AdcRegs. ADCTRLI1.bit. ACQ PS =7,

AdcRegs. ADCTRLI1.bit.SEQ_CASC =1; //cascaded sequencer
AdcRegs. ADCTRLI1.bit.CPS = 0; //divide by 1
AdcRegs. ADCTRLI1.bit. CONT _RUN = 0; //single run mode

AdcRegs.ADCTRL2.all = 0;

AdcRegs. ADCTRL2.bit.INT ENA SEQI1 =1; //lenable SEQ1 interrupt

AdcRegs. ADCTRL2.bit. EPWM_SOCA _SEQI1 =1; //SEQI start from
ePWM_SOCA trigger

AdcRegs. ADCTRL2.bit.INT MOD_SEQ1 =0; //interrupt after every end

of sequence

AdcRegs. ADCTRL3.bit. ADCCLKPS = 3;
//ADC clock: FCLK HSPCLK /2 * ADCCLKPS
// HSPCLK = 75MHz (see DSP2833x_SysCtrl.c)

// FCLK = 12.5 MHz

AdcRegs. ADCMAXCONV.all = 3; AMRUATIUIUTOIT QYR 1 3+1= 4 FOI
AdcRegs. ADCCHSELSEQ1.bit. CONV00 = 0; //ADCINAQO as 1st SEQI
AdcRegs. ADCCHSELSEQ1.bit. CONVO1 = 1; //ADCINAL1 as 2nd SEQ1
AdcRegs. ADCCHSELSEQ1.bit. CONVO02 = 2; //ADCINA?2 as 3rd SEQI
AdcRegs. ADCCHSELSEQ1.bit. CONV03 = 3; //ADCINA3 as 4 SEQ1
EPwm3Regs. TBCTL.all = 0xC030; // Configure timer control register

EPwm3Regs. TBPRD = 2999;
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// TPPRD +1 = TPWM / (HSPCLKDIV * CLKDIV * TSYSCLK)
//= 20us/6.667 ns

EPwm3Regs.ETPS.all = 0x0100; //Configure ADC start by ePWM3
EPwm3Regs.ETSEL.all = 0x0A00; //Enable SOCA to ADC
EALLOW;

PieVectTable. TINTO = &cpu_timer( _isr;

PieVectTable. ADCINT = &adc _isr;

EDIS;

InitCpuTimers(); //basic setup CPU Timer0, 1 and 2
ConfigCpuTimer(&CpuTimer0,150,10); //MAUA sampling time=1e-5=10%1e-6
PieCtrlRegs.PIEIER1.bit.INTX7 = 1; //CPU Timer 0
PieCtrlRegs.PIEIER1.bit.INTx6 = 1; //ADC

IER |=1;

EINT;

ERTM:

CpuTimerORegs. TCR.bit. TSS = 0; //start timerQ

while(1)

{

EALLOW;

SysCtrlIRegs. WDKEY = 0x55;  //service WD #1
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EDIS;

/1
void Gpio_select(void)
{
EALLOW;
GpioCtrlRegs. GPAMUX1.all = 0; //GPIO15-GPIOO0 = General Puropse 1/0
GpioCtrlRegs. GPAMUX1.bit.GPIOO0 = 1; /ePWMIA active

GpioCtrlRegs. GPAMUX1.bit.GPIO2 = 1; //ePWM2A active

GpioCtrlRegs. GPAMUX?2.all = 0; //GPIO31-GPIO16 = General Purpose 1/O
GpioCtrlRegs.GPBMUX1.all = 0; //GP1O47-GPIO32 = General Purpose 1/O
GpioCtrlRegs.GPBMUX2.all = 0; //GPI063-GPI048 = General Purpose 1/O
GpioCtrlRegs. GPCMUX1.all = 0; //GPIO79-GP1064 = General Purpose 1/O

GpioCtrlRegs.GPCMUX2.all = 0; //GPIO87-GPIO80 = General Purpose 1/0

GpioCtrlRegs.GPADIR.all = 0;
GpioCtrlRegs.GPBDIR.all = 0;
GpioCtrlRegs.GPCDIR.all = 0;

EDIS;

I

void Setup ePWM(void)

{
EPwm1Regs.TBCTL.all = 0; //default status



/1
I
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EPwmlRegs. TBCTL.bit. CLKDIV = 0; //CLKDIV =1
EPwmIRegs. TBCTL.bit. HSPCLKDIV = 1; //HSPCLKDIV = 2
EPwml1Regs. TBCTL.bit. CTRMODE = 2; //up - down mode

EPwml1Regs. AQCTLA.all = 0x0060; //set ePWMI1A on CMPA up

EPwml1Regs. TBPRD = 3750; //3750=10KHz - PWM signal
EPwml1Regs.CMPA half. CMPA = 3750/2; //duty1

EPwm2Regs. TBCTL.all = 0; //default status

EPwm2Regs. TBCTL.bit. CLKDIV = 0; //CLKDIV = 1

EPwm2Regs. TBCTL.bit. HSPCLKDIV = 1; //HSPCLKDIV =2

EPwm2Regs. TBCTL.bit. CTRMODE = 2; //up - down mode

EPwm2Regs. AQCTLA.all = 0x0060; //set ePWM1A on CMPA up

EPwm2Regs. TBPRD = 3750; //3750=10KHz - PWM signal
EPwm2Regs.CMPA half. CMPA = 3750/2; //duty2
}

interrupt void cpu_timer0 _isr(void)

{

static int up_down = 1;
EALLOW:;
SysCtrlRegs. WDKEY = 0xAA; //service WD #2

EDIS;

iftup_down)



if(EPwmIRegs.CMPA half. CMPA < EPwmI1Regs. TBPRD)
EPwm1Regs.CMPA half. CMPA;

else up_down = 0;

H

else

{
if(EPwm1Regs.CMPA half. CMPA > 0) EPwm1Regs.CMPA .half. CMPA;
else up_down = 1;

}

iftup_down)
{

if(EPwm2Regs.CMPA .half. CMPA < EPwmIRegs. TBPRD)
EPwm2Regs.CMPA half. CMPA;

else up_down = 0;

}

else

{
if(EPwm2Regs.CMPA .half. CMPA > 0) EPwm2Regs.CMPA half. CMPA;
else up_down = 1;

}

PieCtrlRegs.PIEACK.all = PIEACK _GROUP1;

digi_il=Current_linl; /OWANANTZUE T2
digi_i2=Current_lin2; /ONANANTZ 21
digi_v=Voltage Vout; /BWANAUTIAU V,

iin1=(0.0029*digi_i1)+0.0684; /ST BUANITZUE 111
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{in2=(0.0029*digi_i2)-0.0434; HUTUMBUAINTZUE §Lo

vout=(0.1483*digi_v)+2.3108; /U5 umeun TRy V,

EV = (Vref-vout)/400;

EV1 = Vref-vout;

wl=Imax1/(Imax1+Imax2);
Irefl = Iref + EV1*Ts*wl;

EI = Irefl-iin1;

w2= Imax2/(Imax [+Imax2);
Iref2 = Irefn+ EVI1*Ts*w2;

EI2 =Iref2-iin2;

/]~~~ N1311 Membership Function Y94 EV

if (EV <0){
if BV <=-1){ mfel =1}
else if (EV =0){ mfel =0; }

JAUIUAINNUAANAIAUDITIAY V,
Ysuiegluglunudandiunilaniiag
(normalization)
/AIUIUAINNIUAANAIAVDITIAUIN D
i linnszuasneds
1 % ] [

/MIDNUMUNNTZUAUDWHAINY Vi

o ' Yy a
/AUIUMIAINIZIED 19D U NI 1

/AU NUHANAIAVOINTZLE (128}

1 2 @ T
A/MIDNWHUINUNNTSUTUDINAD1Y Vin2
o 1 9 a
//ﬂTL!’JilWﬂﬂWﬂﬁgllﬁfﬂx‘lﬂﬁgﬂﬂiguﬁ 2

//ﬁWu’Jmfhﬂ’ﬂllﬁﬂWﬁWﬂﬂlﬁNﬂi&L’d ILo1

JMSTIANFNIEA N

else if (EV > -1 && EV <0){ mfel=((-EV)/(1));}

else if (EV >-0.5 && EV< 0){ mfel=((-EV)/(1));}

}

if (BV> -1 && EV < 1){
if (EV = 0){ mfe2=1;}

JMSIANFNEA Z

else if (EV >-1 && EV <= -0.5){ mfe2=((I+EV)A1));}

else if (EV >-0.5 && EV<0){ mfe2=((1+EV)/(1));}



174

else if (EV>0 && EV<= 0.5){mfe2=((1-EV)/1);}
else if (EV > 0.5 && EV < 1){mfe2=((1-EV)/(1));}
}

if (BV > 0){ /MIINNTNIYS Z
if (EV>=1){mfe3 =1}

else if (EV = 0){mfe3=0;}

else if (EV >0 && EV < 1){mfe3=((EV)/1);}

else if (EV >0.5 && EV< 1){ mfe3=((EV)/(1));}

§

//~--=--M311 Membership Function Y83 EI------

if (EI <0){ JMSENTNEA N
if(El <=-1){mferl =1;}

else il EI = 0){mferl =0;}

else if (EI > -1 && EI < 0){mferl=((-EI )(1));}

else if (EI >-0.5 && EI < 0){mferl=((-EI )/(1));}

H

if (BI >=-1 && Bl <= 1){ JMSHFNTNER Z
if (BI = 0){mfer2=1;}

else if (B1 >-1 && EI <-0.5){mfer2=((1+EI )/(1)):}

else if (EI >-0.5 && EI < 0){ mfer2=((1+EL )/(1));}

else if (EI >0 && EI <= 0.5) {mfer2=((1-EI )/(1));}

else if (EI > 0.5 && EI < 1){ mfer2=((1-EI )/(1));}

H

if (BI > 0){ JMSHFNTFNIEA P
if (Bl >=1){mfer3 =1 ;}

else if (EI = 0){ mfer3=0;}
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else if (EI >0 && EI < 1){mfer3=((EI )/(1));}
else if (EI >0.5 && EI < 1){mfer3=((EI )/(1));}
}

[[====-= N13111 Membership Function U89 EI2------
if (B12 <0){ /MIANFNA N
if(E2 <=-1){mfetl =1;}
else il EI2 = 0){mfetl =0 }
else if (EI2 > -1 && EI2 < 0){mfetl=((-EI2 )/(1));}
else if (EI2 >-0.5 && EI2 < 0){mfet]=((-EI2 )/(1));}
}

if (B2 >=-1 && EI2 <= 1){ AMIMANTALTA Z
if (BI2 = 0){mfet2=1;}

else if (EI2 >-1 && EI2 <-0.5){mfet2=((1+EI2 )/(1));}

else if (EI2 >-0.5 && EI2 < 0){ mfet2=((1+EI2 )/(1));}

else if (EI2 >0 && EI2 <= 0.5){mfet2=((1-EI2 )/(1));}

else if (EI2 > 0.5 && EI2 < 1){ mfet2=((1-E12 )/(1)):}

§

if (EI2 > 0){ /MIMANF LA P
if (B12 >= 1){mfet3 =1 ;}

else if (EI2 = 0){ mfet3=0;}

else if (E12 >0 && EI2 < 1){mfet3=((E12 )(1));}

else if (EI2 >0.5 && EI2 < 1){mfet3=((E12 )/A(1));}

}

if (mfe1>=0 || mfer1>=0){
if (mfel<mferl)
mfl=mfel;
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else mfl=mferl;
01=N*mfl;
}

if (mfe1>=0 || mfer2>=0){
if (mfel<mfer2)
mf2=mfel;

else mf2=mfer2;
02=N*mf2;

}

if (mfe1>=0 || mfer3>=0){
if (mfel<mfer3)
mf3=mfel;

else mf3=mfer3;
03=7*mf3;

}

if (mfe2>=0 || mfer1>=0){
if (mfe2<mferl)
mf4=mfe2;

else mf4=mferl;
04=N*mf4;

}

if (mfe2>=0 || mfer2>=0){
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if (mfe2<mfer2)
mf5=mfe2;

else mf5=mfer2;
05=7*mf5;

H

if (mfe2>=0 || mfer3>=0){
if (mfe2<mfer3)
mfo=mfe2;

else mf6=mfer3;
06=P*mfb;

H

if (mfe3>=0 || mfer1>=0){
if (mfe3<mferl)
mf7=mfe3;

else mf7=mferl;
07=/*mf7,

}

if (mfe3>=0 || mfer2>=0){
if{ mfe3<mfer2)
mf8=mfe3;

else mf8=mfer2;
08=P*mf3;

}



178

iflmfe3>=0 || mfer3>=0){
if (mfe3<mfer3)
mf9=mfe3;

else mfO=mfer3;
09=P*mfY;

H

if (mfe1>=0 || mfet1>=0){
if (mfel<mfetl)
mffl=mfel;

else mffl=mfet1;

of I=N*mffl;

H

if (mfe1>=0 || mfet2>=0){
if (mfel<mfet2)
mff2=mfel;

else mff2=mfet2;
of2=N*mff2;

}

if (mfe1>=0 || mfet3>=0){
if (mfel<mfet3)
mff3=mfel;

else mff3=mfet3;
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of3=7*mff3;

if (mfe2>=0 || mfet1>=0){
if (mfe2<mfet1)
mff4=mfe2;

else mff4=mfet1;
of4=N*mff4;

}

if (mfe2>=0 || mfet2>=0){
if (mfe2<mfet2)
mff5=mfe2;

else mff5=mfet2;

of 5=Z*mft5;

}

if (mfe2>=0 || mfet3>=0){
if (mfe2<mfet3)
mff6=mfe2;

else mffé6=mfet3;
of6=P*m(ff6;

}

if (mfe3>=0 || mfet1>=0){
if (mfe3<mfetl)



mff7=mfe3;

else mff7=mfet1;
of 7=7*mff7,

H

if (mfe3>=0 || mfet2>=0){
if( mfe3<mfet2)
mff8=mfe3;

else mff8&=mfet2;

of 8=P*mff8;

}

iflmfe3>=0 || mfet3>=0){

if (mfe3<mfet3)

mff9=mfe3;

else mff9=mfet3;

of9=P*mff9;

H
Num=o01+02+03+04+05+06+07+08+09;
if({ Den==0)

{Den=le-12; }

deltadutyl =(Num/Den);
newduty 1=oldduty1+deltaduty1;
olddutyl = newduty1;

Num2=of1+of2+of3+of4+of 5+of6+of 7+of8+0f9;
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' v Y o {
JamaN A nmaguod AD;

HAUMIAUIUAT DY
1 < ] 1] Iy PN
/d1UV0INTINUAITYINT U 1NA Y

(oldduty1)

' v Y o {
JAMANFF AN NINAU0 9 AD,

Den2=mff1+mff2+mff3-+mff4-+mff5+mff6-+mff7+mff8+mfio;



ifl Den=0)

{Den=1le-12; }

deltaduty2 =(Num2/Den2);
newduty2=oldduty2+ deltaduty?2;
oldduty2 = newduty?2;

// DUTY limiter

iftnewduty1<0){ newduty1=0; }

else iflnewduty1>=0.7){ newduty1=0.7;}
else{ newdutyl= newdutyl;}
iftnewduty2<0){ newduty2=0; }

else iflnewduty2>=0.7){ newduty2=0.7;}
else{ newduty2= newduty2;}

// update DUTY
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//@ImMsan Dy

[ 1< % Y A a
JAIUVDINTINVAVIRINTHUN LAY
(oldduty?)

o " v @ { A o
/MUAVELIAYDIATITNTHT N AN
Thoglugsnaunsariula

o 1 v W Y d' =y l:, [
imuaarininsrinaind lisgni o

imuaaininsuiinadnd linu 0.7

imuaarindnsrinaind ligni o

imuaaiginsninadad himu 0.7

EPwm2Regs.CMPA half. CMPA=3750-3750*duty?2;

/Swandaa PWM dmsualad S,

EPwmIlRegs.CMPA half. CMPA=3750-3750*duty1;

/Swandaana PWM dmsuaias S

/

d v
/anTu interrupt void adc_isr

/1

interrupt void adc_isr(void)

{
Voltage VR1 = AdcMirror. ADCRESULTO;
Current_Iinl = AdcMirror ADCRESULTT;
Current_Iin2 = AdcMirror. ADCRESULT?2;

Voltage Vout = AdcMirror, ADCRESULTS3;

/5UMAINOAVDINTLUE i 11
/5UAAINOAVDINTLUE i1

/5UMAIN0AVDITIAU V,



182

// Reinitialize for next ADC sequence

AdcRegs. ADCTRL2.bit.RST _SEQI1 =1; // Reset SEQ1
AdcRegs. ADCST.bit.INT _SEQ1 _CLR =1; // Clear INT SEQ1 bit
PieCtrIRegs.PIEACK.all = PIEACK _GROUPI;

/! Acknowledge interrupt to PIE

/1

// End of SourceCode.

/1
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#include <stdio.h>
#include "SumDiff.h"
#include <rtdx.h>
#include "target.h"

#define MAX BUFSIZE 16

/

d o [y
lszmaiansudinsunis I

/

void add_sub_buffers(float *inl, float *in2, float *in3, float *outl, float *out2);

/

Alsemaainls

/

float dinl[1];

float din2[1];

float din3[1];

float doutl[1];

float dout2[1];

float Vref=400;

float nbuf=1;

float Iref=0,Iref1,Iref2,EV=0 ,EV1=0,EI=0,EI1=0,Sumv=0 ;
float Ts=0.000001;

float 01,02,03,04,05,06,07,08,09;

float mfe1=0 ,mfe2=0 ;mfe3=0 ,mfer1=0 ,mfer2=0,mfer3=0 ,mfl, mf2, mf3, mf4,mf5, mfo,

mf7,mf8 mf9,Den=0,Num=0 ;

float of1,0f2,0f3,0f4,0f5,0f6,0f7,0f8,019;

float mfef1=0 ,mfef2=0,mfef3=0 ,mff1, mff2, mff3, mff4,mffs5, mffo,
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mff7,mff8, mff9, Den2=0,Num2=0 ;
//Parameter output

int P_15=-1;

int P_16=0;

intP 17=1;

/1

//defines RTDX channels

/1

RTDX CreateInputChannel (ichanl);
RTDX_CreateInputChannel (ichan2);
RTDX CreateInputChannel (ichan3);
RTDX_CreateQutputChannel(ochanl);

RTDX CreateOutputChannel(ochan2);

/1

//main code

/1 8

void main()
{
TARGET_INITIALIZE();
RTDX_enablelnput (&ichanl);
RTDX_enablelnput (&ichan2);
RTDX_enableInput (&ichan3);
RTDX_enableOutput(&ochanl);
RTDX_enableOutput(&ochan2);
while (1)
{
/* Read inputs from host */
RTDX read( &ichanl, dinl, nbuf *sizeof(long) );
RTDX_read( &ichan2, din2, nbuf *sizeof(long) );

RTDX read( &ichan3, din3, nbuf *sizeof(long) );
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/* Call function */
add_sub_buffers(dinl,din2,din3,doutl,dout2);
/* Write outputs to host */
while (RTDX_ writing != NULL )
{ /* wait for previous write to complete */
#if RTDX POLLING IMPLEMENTATION
RTDX_Poll();
#endif
H
RTDX_write(&ochanl, doutl, nbuf *sizeof(long));
/* Write outputs to host */
while ( RTDX_writing != NULL )
{ /* wait for previous write to complete */
#if RTDX POLLING IMPLEMENTATION

RTDX_Poll();

#endif

H

RTDX_write(&ochan2, dout2,nbuf *sizeof(long));}
H

/1

//ladd_sub_buffers

I

void add_sub_buffers(float *inl, float *in2, float *outl)

{

short t; for (t=0; t <I; t++)



{

float D1=0 ,D2=0 ;
EV = (Vref-inl[t])/400;
EV1 = Vref-inl[t];
Sumv = Sumv + EV1*Ts;
Iref=Sumv;

EI = Iref-in2[t];

EIl = Iref-in3[t];

if (EV <0)

{ if(EV <=-1){mfel =1;}
else if (EV ==0){mfel =0 }
else if (EV > -1 && EV < 0 ){mfel=((-EV)/(1));}

else if (EV >-0.5 && EV< 0){mfel=((-EV)/(1));}

if(EV> -1 && EV<1)

{if (EV == 0){ mfe2=1;}
else if (EV >-1 && EV <= -0.5){ mfe2=((1+EV)/(1));}
else if (EV > -0.5 && EV<0) {mfe2=((1+EV)/(1));}
else if (EV>0 && EV<=0.5){mfe2=((1-EV)/1);}
else if (EV > 0.5 && EV < 1){mfe2=((1-EV)/(1));} }

if (EV > 0){
if (EV>=1){mfe3=1;}
else if (EV == 0){ =0;}
else if (EV >0 && EV < 1){ =((EV)/1);}
else if (EV >0.5 && EV< 1){ =((EV)/(1));}
}
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//membership2

//Membership Function2
if (E1<0)

{ if (EI <=-1){mferl =1 ;}
else if (EI ==0){mfer1 =0; }
else if (EI > -1 && EI <0 ){mferl=((- EI)/(1));}

else if (EI > -0.5 && EI < 0){mferl=((- ED)/(1));}}

if (EI> -1 && El<1)

{if (EV == 0){ mfe2=1;}
else if (EI >-1 && EI <= -0.5){ mfer2=((1+ ED)/(1));}
else if (E1 >-0.5 && EI <0) {mfer2=((1+ ED/(1));}
else if (EI >0 && EI <= 0.5) {mfer2=((1- EI)/1);}

else if (EI > 0.5 && EI < 1) {mfer2=((1- EI)/(1));} }

if (E1>0){
if (E1>=1){ mfer3 =1 ;}
else if (EI == 0){ =0;}
elseif (EI >0 && EI < 1){ =(( EI)/1);}

else if (E1 >0.5 && EI < 1){ =((ED/(1));}}

//membership3

//Membership Function3
if (EI1 <0)

{ if (BI1 <=-1){mfetl =1;}
else if (EI1 ==0){mfetl =0; }

else if (EIl > -1 && EIl <0 ){mfet1=((- EI1)/(1));}
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else if (EI1 >-0.5 && EIl < 0){mfetl=((- EI1)/(1));}}

if (EI1 > -1 && Ell1 < 1)

{if (EI1 == 0){ mfet2=1;}
else if (EI1 >1 && EIl <= -0.5){ mfet2=((1+ EI1)/(1));}
else if (EI1 > -0.5 && EI1 <0){mfet2=((1+ EI1)/(1));}
else if (EI1 >0 && EIl <= 0.5){mfet2=((1- EI11)/1);}

else if (EI1 > 0.5 && EI1 < 1){mfet2=((1- EI1)/(1));}}

if (EI1 > 0){

if (EI1 >=1){ mfet3=1;}

else if (EI1 == 0){ =0;}

else if (EI1 >0 && EI1 < 1){ =(( EI1)/1);}

else if (EI1 >0.5 && EIl < 1){ =(( EI1)/(1));}}

/rulel-1

if (mfe1>=0 || mfer1>=0){
if (mfel<mferl) mfl=mfel;
else mfl=mferl;

ol=P_15*mfl;}

/rule2-1

if (mfe1>=0 || mfer2>=0){
if (mfel<mfer2) mf2=mfel;
else mf2=mfer2;

02=P_15*mf2;}

// rule3-1
if (mfe1>=0 || mfer3>=0){

if (mfel<mfer3) mf3=mfel;



else mf3=mfer3;

03=P 16*mf3;}

/ruled-1

if (mfe2>=0 || mfer1>=0){
if (mfe2<mferl) mf4=mfe2;
else mf4=mferl;

04=P_15*mf4;}

/rule5-1

if (mfe2>=0 || mfer2>=0){
if (mfe2<mfer2) mf5=mfe2;
else mf5S=mfer2;

05=P_16*mf5;}

/rule6-1

if (mfe2>=0 || mfer3>=0){
if (mfe2<mfer3) mf6=mfe2;
else mf6=mfer3;

06=P_17*mf6;}

/rule7-1

if (mfe3>=0 || mfer1>=0){
if (mfe3<mferl) mf7=mfe3;
else mf7=mferl;

07=P_16*mf7}

// rule§-1
if (mfe3>=0 || mfer2>=0){

if( mfe3<mfer2) mf8=mfe3;
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else mf8=mfer2;

08=P_17*mf3;}

// rule9-1

if(mfe3>=0 || mfer3>=0){
if (mfe3<mfer3)mf9=mfe3;
else mf9=mfer3;

09=P_17*mf9;}

/rulel-2
if (mfe1>=0 || mfef1>=0){
if (mfel<mfefl) mffl=mfel;
else mffl=mfefl;

of1=P_15*mffl;}

/rule2-2

if (mfe1>=0 || mfef2>=0){
if (mfel<mfef?) mff2=mfel;
else mff2=mfef2;

of2=P_15*mff2;}

// rule3-2

if (mfe1>=0 || mfef3>=0){
if (mfel<mfef3) mff3=mfel;
else mff3=mfef3;

of3=P_16*mff3;}

/rule4-2
if (mfe2>=0 || mfef1>=0){

if (mfe2<mfefl) mffd=mfe2;

195



else mff4=mfefl;

off4=P 15*mff4;}

/rule5-2

if (mfe2>=0 || mfef2>=0){
if (mfe2<mfef?) mffS=mfe2;
else mff5=mfef2;

of5=P_16*mff5;}

//rule6-2
if (mfe2>=0 || mfef3>=0){
if (mfe2<mfef3) mff6=mfe2;
else mff6=mfef3;
of6=P_17*mff6;}
/rule7-2
if (mfe3>=0 || mfef1>=0){
if (mfe3<mfefl) mff7=mfe3;
else mff7=mfefl;
of7=P_16*mff7}
// rule§-2
if (mfe3>=0 || mfef2>=0){
if( mfe3<mfef2) mff8=mfe3;
else mff8=mfef2;

of8=P_17*mff3;}

// rule9-2

if(mfe3>=0 || mfef3>=0){
if (mfe3<mfef3) mff9=mfe3;
else mff9=mfef3;

of9=P_17*mff9;}
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/ defuzzyl
Num=(01+02+03+04+05+06+07+08+09);
Den=(mfl+mf2+mf3+mfa4+mfS+mf6+mf7+mf8+mf9);
if( Den==0) {Den=1e-12; }
// defuzzy?2
Num2=(of14+of24+0f3+0f4+0f5+0f6+of7+0f8+019);
Den2=(mff1+mff2+mff3+mff4+mffS+mffo+mff7+mff3+mffo);
if( Den2==0) {Den2=1e-12;}
D2=Num?2/Den2;
outl[t]=D1;
out2[t]=D2;

}return;}
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Abstract

Thic paper prezents 3 mathematical model of 3 high step-up single-
swiich boost converter. This comvester can be applied to renewable
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autput velnage with high woltage conversion ratio of appraximatety 20.
Thiz converter markematical mode] iz bazed on the geperalized state-
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resolts under differsnt operating conditions show that thic generated
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THE CONTROL OF A HIGH STEP-UP DUAL-INPUT BOOST CONVERTER
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Abstract

Tkis paper presents the fazry control for a high step—up dual-inpat
booot converter in order to mxintyin the ourput vologe at tee decired
cocstant levels. A high step—up dual-inpat boost converter can boost the
lowr inprat voltage abowt 200V ap to the high owput volage level of 400V,
providing a high wvolage cooversion raiio approxémately 20, The
coczidersd comverter iz comsizied two input zources. The designed fizry
the furry
coctrofler &= azgble for conmolling the convener. Simulation remit:

cootroller dos: mot reqguine 3 math diral meodsl T

chow the efectvenes: of the decigmed fizrry controller to comtrol the
cooverter cutput voltage mnder different operating conditions.
Keywords: Dual-inpat boost converter, Hiph step-up conversion ratio,

Fuzry controller
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Abstract

Thkiz paper propose:s the fizry conmol for a bigh =ep-op =Zogle-
switch booct comverter in order to achisve the desiped constant ougpat
valtage level of the coovertsr under different opemating sifvations. The
proposed farry coptrod statepy is based oo two input variabies, input
current error and ougmat voltape smor, and ooe ousput varizbis, the smor
of daty cycle for the power moritch located in che hiph ctep-np cingle-
swritch boccr comverter. In thic poper the decipn of fizry conrodler will
be described, including the 4 iom of ioput and outpat

farry inference eopine and fSirry defierifaton. Simalation and
experimenia]l resuitz show the effectivens=: of the proposed ferry

conirol for the high teprup sngle-switch boost comverter.

Eeywords: furry cootrol, dingle-owitch boost cooverser, high
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ABSTRACT

This paper proposes the control of a lngh step—up
single-switch boost converter by usmg the fuzzy
confroller. The fuzzy controller is desigmed in order to
boost the low mput voltage about 20V up to the high
output voltage at the constant level of 400V. The high
step-up voltage conversion ratio, approximately 20 fimes,
can be achieved The fuzzy controller designed consists
of two parts, the voltage control and the current conirol.
resulting in the satisfactory comverter performance
both transient and steady-state responses. The sinmlation
results show the effectiveness of the proposed fuzzy
controller to control the high step-up single-switch boost
converter under different operating conditions.

Kevwords: single-switch boost converter, high step-up
conversion raiio, flizzy coniroller

1. INTRODUCTION

DC-DC power converters with a high stepup
voltage conversion matie are widely used m muamy
applications, such as renewable energy systems, i order
to supply the lugh DC voltage fo the loads. Emploving
the extremely high duty cycle, the traditional boost
converter can provide the high step-up voltage gain
However, the converter operation with the extreme duty
cycle has many disadvantages such as the high voltage
stress on the power switch and the reduction in converter
efficiency. In Ammop & Sudarat (2016} a ugh step-up
single-switch boost converter has been presented to
achieve the igh step-up voltage conversion ratic without
the extreme duty cycle. In addition, the only cne active
power switch is employed in this proposed converter.
reducing the control complexity. The conventional PI
confroller is designed for this high step-up single switch
boost converter based on the mathematical model of the
traditional boost converter.

Several contrel approaches have been proposed for
the DIC-DC power converters. The PI and PID confrollers
are usually desigmed in order to regulate the converter
output voltage Yusoff et al (2010). However, the accurate
mathematical model 15 requred m the confrol design
process to achieve the desired converter performunce. The
shding mode controller Tan-Siew, et al. (2005) and the
predictive controller Becouti, et al. (2007) are employed to
confrol the power converter However, these control
methods are complex because of the mathematical
equations and many varables used to design these
confrollers. The fizzy controller 1= an inferesting approach
to contrel systems due to no requrement on the precise
mathematical model of the converter Lipmg, et al. (2009).
The comverter behavior 15 needed for the furzy comfrol
design to obtam the good converter performance.

In this paper the fuzzy controller for a ngh stepup
single-switch boost converter 15 designed to control the
output voltage at the constant desited levels. The
simulation results show the satisfactory conwverter
performance with the designmed firzy controller under
different operating condifions.

1. HIGH STEP-UF SINGLE-SWITCH BOOST
CONVERTER

The high stepaup smgle-switch boost converter
configuration is shown in Fig.1

it
]

- _C?m oL
e s

Fig. 1. A hagh step—up single-switch boost converter
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The high step-up single-switch boost converter
shown in Fig. 1 consists of one active power switch (5),
four capacitors { ¢, G, 6, ¢, ), two inductors ( L, L),
four diodes (v, D, . Dy, 0, ) and load resistance { R )

3, DESIGN OF FUZZY CONTROLLER

The control stucture for a lugh stepaup single-
switch boost converter by with the fuzzy controller is
shown m Fig. 2. The fuzzy confroller consists of two

. current control and voltage control. The ocutput
voltage and the input current are measured in order to
generate the voltage error A" and the current error AT
for the fizzy confroller. The switching sipnal wath the
appropriate duty cycle will be sent to the power switch

0,

oL I A
= i J_T 1, TR l |+
o C, G v 5 R SK

T_ b —--,]3 {-"T d‘_‘

Swutching Sigwal
Creneratar

Flizzy
Conrraller | .

Fig. 2 Converter contrel structure based on fiuzzy controller
Fig. 3 shows the stucture of the fizzy comtroller

based on four stages namely Fuzzfication. Rule Base,
Fuzzy Inference and Defuzzification.

Rule Base

1

Fuezzp
Inference

dRuzzificalion f qui =il caaricn

Fig. 3. Stmucture of the fiuzzy controller

In Fuzzification process the physical vanables are
converted to Imgmstc vanables. In the control of a lngh
step-up single-switch boost comverter, the conwverter
vanables are the output voltage () and the mput curment
(ir). The emors Al and Al are infroduced as input
variables to the furzy controller. The voltage error Al is
obtained by comparing the actual voltage (F7) with

reference voltage (17,0, AV =Fpyr —-F; The current
error Al iz calculated from the difference between the
mput curent () and the reference current (T,
Al =ipgr—ip _ with the integrator as shown in Fig. 2
Jenica (2007).

Fig 4 shows the membership fimction for the first
input variable AF | consisting of symmetric triangular
and trapezoidal shapes. Three lingustic vanables are
defined for AT . These are negative (), zero (Z) and
positive (F). By the converter behavior investigation, the
membership finction width for each membership
fimction can be obtained as shown in Fig. 4

I’
! N F4 P

i

Ay 00 i S00 A0
Fig. 4. First input membership function: AF

The membership fimction for the second mput
vanable Al is presented in Fig 5. The symmetric
triangular and trapezoidal fuzzy-set values are employed.
Three linguistic values, negative (N}, zero (Z) and
positive (F), are chosen. The width of the membership
fimction 15 defined from the behavior investigation of the
converter, as can be seen Fig. 5.

[}

-1 -0.5 a 03 1
Fig. 5. Second input membership fimetion: AT

The output vanable for the fuzzy controller is
defined as the change in duty cycle (AD) . The singleton
output membership fimction 15 adopted as shown m Fig.
6. The output voltages of the high step-up single-switch
boost comverter are mvestigated under different duty
cycle operating conditions. As a result, six singleton
linguistic values are determined, consisting of negative
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big (NE), negative small (N5), zero (Z), positive small
(P5) and positive big (PE). Each singleton walue is
defined as shown in Fig. 6 I order to generate the
approprnate duty cycle (D) for the power switch
operation. As can be seen in Fig. 6. the change of duty
cycle is in a range [-1, 1] in order to generate the suitable
duty cyele which is between 0 and 1 for the power switch
under different operating conditions of the converter.

NE NY Z Py PR

i} »

-
i

-1 -0 5 o os i
Fig. 6. Output membership fimetion: AD

The mule base is an important part for defining the
confrol decision, which is observed from the considered
system. The control miles are derived from experience
knowledge of the converter behavior. The mle table for
the designed furzy controller can be summanzed m the
Table. 1.

Table 1. Fule table of the designed furzy controller

AV /Al N Z P
N NE N5 £
£ N§ £ F§
F 4 PS5 ER

As defined mn Table. 1. nine Imgmstec control rules
for the high step-up single-switch boost converter can be
expressed as follow:

Rule 1: if AF =Nand Al =N then AD =NB
Rule 2: if AF =Nand Al =Z then AD = NS
Fule 3:if AF=Nand Al=Pthen AD =Z
Rule 4: if AF =7 and Al = Nthen AD = NS
PRule 3: if AF=Zand Al=Zthen AD =2
Bule 6: if AV =Zand Al=Pthen AD =P85
Rule 7: if AV =Pand Al =Nthen AD =Z
Rule & if AV =FPand Al = Z then AD =P5
Bule §: if AF =Pand Al =P then AD =PB

From the mwvestigation of converter behawvior the
confrol acion m each lmgmistic control rule can be
developed. For example in the case of Fule 1 if the
voltage emor AF 1s'm the sef of negative (W) and the
current error Al is in the set of negative (N), then the

change of duty cycle AD is negative big (NE). This
contrel mule will be explained in detail. When the voltage
error AV =Fugr —F5 is negative, it means that an actual
output voltage 13 greater than the reference woltage In
similar, when the cimrent error A7 =ipgr —ir 15 negative,
it means that a measured mput current flowing through
the inductor is higher than the reference current. In order
to decrease the actual output voltage to the level of the
reference voltage with the reduction m the mput current,
the duty cycle nmst be sigmificantly decreased As a
result, the change m duty cycle AD should be negative
big (NB) in order to significantly reduce the duty cycle of
the active power switch. Employing this control rle it is
expected that the actual oufput voltage and the actual
mput current will decrease to their reference levels due to
the proper generated duty cycle. By considering Rule 5,
when the output voltage error AF and the input current
error Al are approximately zero, the change of duty
cycle AD should be zere in order to maintam the
appropriate duty cwele for the power switch
Consequently, the measured output voltage 1s regulated
at the desired constant level and the measored mput
current is controlled at the value of its reference current.

The Fuzzy Inference Engine is the process of fizzy
output computation. generating reasonable fiizzy output
from the developed control rules. For the ugh step-up
single-switch boost converter, the output fuzzy is the
representation of the change of duty cycle in linguistic
value. This fuzzy owtput is obtained from the
combination of each mle in the control mle table.
Employving smgleton output membership fimchon,
Sugeno furzy implication is considered to determine the
fuzzy output value. This fuzzy output will be converted
mte the cmsp result by using the defuz=ification
operation.

Defizzification 1s the reverse process of fuzafication.
Under difuzzification operation, the Imgmstic vanables
are tramslated to the mumernical variables. The center of
gravity method is used to calculate a crisp value to obtain
the change of duty cycle as can be expressed in equation
(1). The comespondmg duty cycle from the difurzifier
output can be used to control the operation of the hagh
step-up single-switch boost converter.

r-%:"" m

where T is the numerical output value
Fn 15 the fuzzy output of each male

Uy i3 the membership value for each ule
n is the total number of the fuzzy males
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4. SIMUTATION RESULTS

The high step-up single-switch boost converter, as
shown i Fig. 1. with its desigmed fuzzy comfroller is
sinmlated using MATLAB SIMULINK program The
converter parameters are approprately desipned m order
to obtain the currents flowing through the inductors and
the voltages across the capacitors with small npples. The
mductors L -L; -15mH and the capacitors € -C; = 100xF

.C3=100uF . C,=150uF are chosen for this high step-up
single-switch boost converter. The load resistance
R-3000 and the switching frequency f, = 2065, are used
for simmilation.

In order to verify the effectiveness of the proposad
fuzzy controller for the high step-up single-switch boost
converter, the simmulation results wunder different
operating conditions are demonstrated. Fig. 7 shows the
performance of the converter using the designed fuzzy
confroller. The input voltage F, -20V is supplied fo the
converter and the output reference veltage is commanded
as 400V. As can be seen in Fig. 7. the output veltage
(Vo) is controlled at the desired level of 400W with great
transient and steady-state response. The fuzzy controller
takes approximately 0.2s to settle the output veltage
response at the required reference voltage with no
overshoot. The veltage conversion ratio is about 20 times
for boosting the constant source voltage of 20V to the
load voltage of 400V, In addition, the mput cument (IL)
flowing through the mput mductor 15 mamtaned at about
16A i steady state without overshoot. It can be seen that
the desigmed fuzzy controller employing mine control
mules listed m the Table 1. can sahsfactonly control the
output voltage at desired constant level.

L] . v _r—l
|
1
N
[ i L5 1
|
15
2
=
» B2 . . .
a 02 04 06 i1
T {5
Fig.7 Simmlated response for ¥, - 400V

The converter behavior under the vanation of the
referent output voltage is shown in Fig. 8. As can be
seen, the reference voltage changes from low voltage to
Ilugh veltage and vice wersa where the mput woltage
remains constant at 20V, The load resistance R 15 50002
As a result, the high stepaup single-switch boost
converter operates under the difference cutput power
depending on the desired reference output voltage. The
vanation of the mput mduetor current with the chanse in
the reference voltage is also presented in Fig. 8. At the
beginning, the reference voltage is defined at the level of
200V, It 15 seen that the converter output veltage is
regulated well at the command value. The mductor
current keeps constant at 4A, comesponding to the output
power of 80W. After that at the time t = 1s, the reference
voltage suddenly mereased to 300V, Chmng transient
operation, the output voltage and the mput current
perform negligible overshoot “and wery fast settling time.
Under steady-state performance, the load voltage and the
mductor current keep constant at the level of 300V and
QA respectively, proving the output power of 180W. A
sudden increase in the reference voltage occurred at t =
2s. At this time the desigmed fuzzy confroller can
maimntain the output voltage at the desired level of 400V.
The current flowing through the mput nductor mcreases
to 16A, resulting m the output power of 320W. In
addition, at the time t = 3z and t = 45 the reference
voltages are stepped from 400V to 300V and to 200V,
respectively, with the load mamtained at 50002 As can
be seen, the converter with the designed fuzzy contreller
exhibits good performances for both output voltage and
Input current under transient and steady-stage operations.

0 ¥
o0t

00}

VoVl

L]

TL (A}

Fig.8 Simulated response for reference voltage variations
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In crder to examine the performance of the fuzzy
controller designed for the high step-up single-switch
boost converter, the vaniation of the mput source voltage
15 taken inte consideration. Fig. 9 shows the smmlation
results of the converter under fizzy control in the case of
a step-input voltage variation. The desired reference
voltage and the load resistance are constantly mamtamed
at 400% and 50002, respectively. generating the output
power of 320W. The behavier of the converter under the
change in the source voltage 1s iInveshigated As shown m
Fig. 9, the mput voltage supplied to converter is vared
from 20V to 40V in step and vice versa. The source
voltage 15 minally set to 20V. It is clearly seen that the
output voltage and mput current behave well in both
transient and steady-state responses, resulting in fast
response and ne overshoot. The output veltage can be
controlled at 400V and the inductor current 1s 164 At
the time t = 1s, the input voltage suddenly increased to
30V. It can be observed that there was an overshoot m
the output veltage, approxmately 10% with respect to
the desired reference voltage. The firzzy controller takes
less than (.25 to recover the output voltage to the original
valie. The input current flowing through the inductor
decreases to about 10.67A, obtammg the output power of
3200W. After that at the time t = 2s, the source woltage
supplied to the converter 1s changed to 40V m step: As
can be mx'esligated from the simmlation results, the small
overshoot occurs in the load voltage response. However,
the designed fuzzy controller can rapidly mamtam the
performance of the converter. The output voltage cam be
regulated at the desired level. The mput current decreases
to 84 generating the output power of 320W to the load.

n
il

IL [ Ad

[ 05 I 15 2 235 15 i 4.5
Time 171

Fig.9 Smmilated response for mput valtage vanabons

In the remaining results shown in Fig. 9 it can be
seen that the distwbance in the source voltage also
appears in the converter at the time t = 35 and t = 43
when the mput voltage decreased to 30V and 20W,
respectively. The output voltage shghtly drops from the
demanded level after the change in the input woltage.
Consequently. the designed fiurzy controller can recover
the output veltage back to the desired level. When the
source voltage suddenly decreases from 40V to 30V, the
mput current mcreases from 2A to 10.67A with good
behavior in terms of response speed and owvershoot. In
similar, at the time t = 4s the source voltage supplied to
the comverter changed from 30V to 20V. As can be seen,
the inductor cwrrent increases from 10.67A to 16A,
transferming the mput power to the load about 3207

Fiz. 10 shows the transient and steady-state behavior
of the output voltage (Vo) and inductor cumrent (IL)
under sudden change in the load. The desired reference
voltage and the input veltage maintain constant at 4000
and 20V. respectively. As cam be seen, the load
resistance increases in step from 3200 to 50002, and
10000, comesponding to the cutput power of S00W,
320W and 160W, respectively. In addition, the load is
stepped from 100002, to 5000, and 3200 m order to
imvestigate the effectiveness of the designed fuzzy
controller under load disturbance operation. Initially, the
load resistance of 32002 is considered for the high step-
up smgle-switch boost converter. During this operating
condition, it is clearly seen that the converter with fuzzy
controller achieves sabsfactory performance for both
output voltage and input current with rapid response and
no any overshoot. The input current is about 234

e N T e A R=30a

A rl\- Jﬂ\., |

200

Va (v
=]
'i

[{ MY

o &1 ___uf 1 1 1 1 1

Timg )

Fig.10 Smmlated response for load vanations
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As can be seen m Fig. 10, at the ttime t = 1s, the load
resistance is changed from 32002 to 50002 As can be
seen from the simulation results, the overshoot occurs in
the load voltage. The fuzzy controller takes responsibility
to recover the output veltage at the desired reference
level. In the steady state the oufput veltage of the
comverter 15 regulated at 400% and the setting time for
the load voltage response is approximately 0.25s. The
mput current exhibits fast response without an overshoot.
The current flowing through the input inductor is about
16A associated with the output power of 320W.
Moreover, the load vanation also occurred at the time t =
25, Dhnng thus operation the load for the conmwerter 1s
stepped from 30002 to 1000k As a result. the output
power decreases from 320W to 160W where the
reference wvoltage and input voltage keep constant at
400% and 20V, respectively. It can be observed that the
overshoot voltage is quite high i transient behavior of
the comverter. The fuzzy controller takes approzimately
0.255 to regulate the output voltage at the desired level of
400% . The mput current mamtains constant at around 84
in the steady state. After that at the time t =35 and t =4s,
the step-load changes from 10000 to 5000 and from
50002 to 32002 are observed in the simmlation results. In
confrast to the previous operating conditions, the cutput
voltage dropped from the desired level m the transient
response. After approximately 0.25s, the fiuzzy coniraller
offers the better performance. obtaining the regulated
output voltage at the deswed reference level of 400V
The imput cument performs well during transient
operation in terms of response speed and overshoot. In
the steady state the input currents of the converter are
16A and 23A when the load resistance are 50002 and
32002, respectively.

5. CONCLUSION

This paper has presented the fuzzy controller for the
high step-up smgle-switch converter. The cutput voltage
and the input current are measured to compare with their
reference walues, gemerating the voltage and current
errors as mput vanables for the fuzzy controller. In order
to design the fuzzy controller the behawvior of the
converter under different operating conditions are
mvestigated Two mput membership functions are
described and singleton output membership funchon for
the change of duty cycle 1s defmed The appropmate
confrol mles are considered m order to generate the
proper <duty cycle for the converter switch. The
sinmilation results show the effectiveness of the proposed
fuzzy controller inder the vanations in reference voltage,
mput voltage and load resistance  The high step-up
single-switch boost converter with the desigmed fuzzy
controller can achieve satisfactory performance under
difference operating conditions.
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Absmracr—TIhiz paper prezent: the performance comparizen of
fuzzy comtroller and PI controller for a high step-up single-
switch boost converter. The ligh step-up single-zwitch boost
converter iz deseribed. Thiz converter can step the low inpur
voltage up to the hizh output voltage level of 400V by using
only one power swiich. The high step-up voliagze comversion
gain, approximately 10 times, can be achieved. The comirol
strategies for the high step-up single-switch boost comverter
bazed on the PI controller amd the furzy controller are
designed. Simmlation results show the comparizon of converter
performance between PI coniroller and fuzzry coniroller under
various operating conditions, The better performance of the
converter can be obiained by using furzy contreller compared
to PI controller in the same simulation situations.

Keywords- single-swiich beost converrer;
conversion rane; Fuzgy conmroller; PI controller

high step-up

L INTRODUCTION

At present. a high stepup DC-DC boost converter is
widely used fo step a low input wvoltage generated by
renewable energy source up to a high output voltage level
Although a conventional boost converter has simple stmacture
amd simple control, 1t suffers from some limtations for high
step-up voltage applications such as extreme duty cycle,
efficiency reduction and high wvoltage stress. A considered
high step-up single-switch boost converter can boost a low
nput voltage about 20V to the high output voltage level of
400V, providing a high voltage gamn approximately 20 times
[1]. Therefore, this converter is suitable for low-input and
high-oufput veltage apphications. In addifion. this converter
consists of only one power switch, resulting in the reduction
n power loss and voltage stress compared to the converter
consisting of several power switches [2]. In order to achieve
the ;atisfa:tor}-‘ performance of the converter inder different
operating conditions, the control strategy plays the important
role. The controller needs to generate the appropniate duty
cycle for the power switch so that the desired constant high
output veltage can be obtamed The converter responses
under both transient and steady states nmst be taken into
consideration. The P controller is typically used to control
the DC-DC converter because the good performance can be
intreduced to the converter under the considered operating
ranges without complexity controller desipn. However, the
design of PI controller requires the precise mathematical
model of the converter which 15 difficult to accomplish for a

complex converter topelogy. Consequently, the undesirable
performance occurs under the vanation o converter
parameters and load disturbances [3]. The fuzzy controller
becomes an attractive control for the power converter due to
the fact that no accwrate mathematical model 15 needed [4].
The fuzzy controller can deal with the load distwbances and
parameter uncertainties. In order to design the fuzzy
confroller, the If- Then rules are created which is based on the
knowledge and experience about the converter behavier
under varnous operating conditions.

In this paper the performance companson between PI
confroller and fizzy controller for the high step-up smgle-
switch boost converter will be proposed and dlsnmsed [3. 6]
The configuration of the high step-up single-switch boost
converter will be firstly described. Then, the conirol
strategies based on PI controller and fuzzy controller will be
desigmed for the considered comwverter. Smmulation results
show the converter performance under different situations.
Based on simulated results the comparative analysis of PI
confroller and fuzzy controller can be obtained.

IO HicH STEp-UP SmiGLE-SWITCH BoosT COMVERTER.

A high step—up single-switch boost converter topology
shows in Figure 1. This converter consists of onlv single
power switch (.5‘} four power diodes (D, D: D Du). two
m.ducmrs-{L = 15 mH), four capacitors (C,, C>= 100 pF,
Cs=130pF, C.= 100pF) and a load resistor (R=500€2). The
converter parameters such as mductors and capacitors are
designed by considering the acceptable npples of mductor
currents and capacitor voltages, respectively. This high step—
up boost converter can boost the low input voltage generated
from PV array about 20V to the high output voltage level of
400V, Therefore, the high step-up voltage conversion ratio is
approximately 20 times. This converter can be usad for low-
veltage source applications such as PV systems.

T
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The high step—ap simzle-switch boost comerter.

Figum= 1.
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The step-up voltage conversion ratio (A7) can be obtzined
by analyzing the operation modes of the power switch. In the
single-input high step-up do-dc converter with its conversion
ratio is described The voltage conversion ratio betarsen the
oumtpat voltage and inpaat source voltage can be expressad as

¥ 2
=—2=_- _ (1)
¥m Q-Dy
where D iz the duty cycle of the power switch, F, and I, am
the input voltzge and the output voltage, respectively.

Im PICONTROLLER

The stuctare of PI controller for the high step-up single-
switch boost converter depicts in Figure 2. As can be seen
the PI comtroller comsists of thres main parts, inchiding PT
woltage controller, PT cumrent controller and P menerator.
The proper switching sipnal is zenerated to drive the power
switch with the duty cycle associsted with the required
otput voltage.

, b,
el Fa'® e‘ Dy 12mll
- - +
nEw PRI FEIsmE ‘T 1w s BT,

Figure ). The stracteme of Pl controller for the high step-up comverter.

The gain parameters for the PI voltage contmoller (Epv,
Erv) and the PI ourrent controller (Epe, Eic) are designed by
comparing the considered hizh stepup boost comverter to the
coovenfional boost comverter. By employing the converter
parameters showm in Figure 2, the zzin parameters of the BT
conmoller can be caloulated wsing the formmla listed im
TABLEL

TABLEL THE GAr PARAMETERS OoF PI ConTROLLER
Symbseol Formaila Vialme
- 1
K K, -lkmC -2 £.00025
K E, =aC, 00009756
=
Kpe - 0421873
Fin
B Ky = Zka TR
Fin

where [ is the damping ratio. ), and @ are the namural
freguency for the voltage and curment loops, respectvely.
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IV. FuzzZy CONTROLLER

The control scheme of fuzzy controller for the high step-
up single-switch boost cooverter shows i Figure 3. As can
be seen the owiput voltage {Fo) and the input current (1) ars
measured to compare with their references. The voltage emor
(AF) and the cmrent emmor (A6 act as imput for the fuzxy
conmoller whereas the change of duty cycle (ADY) i= the
owtput generated from the fuzry conmtroller. Then the
converter is drven by the generated switching signal.

Figers 3. Tis fuzcy confrollar schems for the high step-op comverter.

Fuzzy confroller consists of three importsnt procedures,
m.ch.ldmg firzzification, furzy mole and defozzification. The
furzification converts the real variables o forzzy wariables
through linguistic varisbles. As can be seen in Figure 3, the
firzzy controller consists of two input variables AF and AT
which can be calculated by (2) and (3), respectvely.

AF = Fuy— Fo ey}
A= fvo_.r'_-i':' (3

The memberchip functions for the first inpat variable AF
andﬂ!secmdinpmvmiahleﬂshnwinﬁm4andﬁgm'e
5, respectively. As can be seen, these two input varisbles ans
cooverted to three lingudstic varisbles such as megative (M),
zero () and positve (F). They are formed in triangnlar and
trapezoidal shapes. The owmtput wvarisble for the fzy
coniroller is defined as the chamze of duty cycle (AD) .The
singleton ouwipwt membership fimction is considered as
shown in Figure §.

1 N L P
[}
-0 500 o 500 SO0

Figeme 4. Input mambsmbip fanction for AF
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Figere 5. Inpwt mambardhip fimction for AJ
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Figeme 6.  Cutpet mambarship fnction for AL

1 N

=
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Bazed on knowledze and expenience sbout the operation
of the high step-up single switch the furzy miles can be
obtained in order to make a decision of fozry contmoller. The
appropriate duty cycle for the power switch can be achieved
from the changed of duty cycle. By observing the converter
behavior, the fuzzy mles are divided into nine moles as the
following:

Bule l: if AF=MNand Al=M, thenAld=M

Bule 2 if AF=NandAl=Z then AD=M

Bule 3 if AF=M and AT=P, then AD

Bule 4: if AF=Z and Al =M, then AD

Bule 5: if AF=Z and Al=Z, then AD

Bule §: if AF=Z and AT=P, then AD

Rule 7: if AF=F and Al=H, them AD

Bule 8: if AF=Pand Al=Z, then AD

Bule 0 if AF=Pand AT=P, then AD' =P

o

The defurrification is used to convert furzy vanables or
linzmistic variables to real vanables. Dus to the fact that the
change in duty cycle acts as the furry controller outpot, the
real value of the change in dury cycle can be caloalsted as
{4). The proper duty cycle is then introduced to the power
switch, resulting in the desired constant outpart voltage of the
hizh step-up single-switch boost converter under different
operating condifions. Without an accurste mathematical
modsl of the comverter the goed performence can achieve It
depends on the good experience omn comverter behawvior im
varous simations.

aD S

where AlVis the change of duty cycle
Va1 ouiput from each mile
in is membarship value of each output

224

V. SMULATION RESULTS

In order to wverify the effeciveness of the conmol
strategies based on PI controller snd fazzy contoller for the
hizgh step-up single-switch boost converter, the sinmladeon
resulis meed to be taken into considerston under differsnt
operafing conditions. The simmlations are implemented by
MATILAB SIMULINE package. Three different simations
are set up for performance comparison of PI conmoller and
funrzy comtrollsr.

Case 1: The referspnce woltsge changes. The load
resistance R is 500 2 The low input voltage shout 23.125W
generated by the PV amay is supplied to the converter. The
desited ouwiput voliages are varied among 200V, 400V and
3007, The sinmlation results present the outpat voltage and
input cament of the converter as shown in Figure 7. At the
beginning, the reference voltage is defined as 200V, It is
zeen that the owiput voltzge fom PI controller keeps constant
at the desired level at the v = 145 with no overshoot whereas
the output voltage provided by fuzzy controller is steady at
the time t = 0.85 with small overshoot of 3.3%:. After that at
the time t = 33, the reference wveltspe for the comwverter
imcreases to 4000V, The output voltage remains constant at
the required level at the time t = §.35 and t = 325 for BPI
conmoller and fozzy conmoller, respectively. At the time t =
10: the referent voltage suddenly decreases to 300V, It can
be seen from the sinmlation resalts that both conmfrol
sirategies take the efforts to regulate the output voltage at the
deszited lewel The output voltage of 300V is suwcoassfnlly
conmollad at the spproximately time t = 11.85s and 10.87s
under the responsibility of the designed PI conmfroller amd
firrzry comtroller, respectively.

400 |

YoV

204 ra

— Fuery Controller

wement P Costroller

TL{A)

Time (s)

Figare 7. Sizmlated mspoms for refarence voltage vanations

As gan be seen the input current response showm in
Figure 7, the differsnt level of current flowing through the
imput inductor, depending on the desired reference output



voltage. During transient operation of the converter, the PI
comr%e].ler spends more £:ﬂ reach the reference input
current compared te fuzzy confroller. In steady state the
input currents associated with both PI controller and fuzzy
controller are comstant at 44, 16A and 9.87A,

umder the referent cutput voltage of 200V, 400V and 300V,
respectively. The obtained simulation results show that inder
the vanation m referent output voltages the fuzzy controller
provides much better performance than PT contreller.

Case 2: The change in input voltage is taken into
consideration. The desired reference voltage and the load
resistance are constantly maintaimed at 400V and 300€
respectively. The simulation results obtamed from the high
step-up single-switch boost converter operates under the
vanation in the input voltage show in Figure 8. At the
beginning, the input voltage (Fr) generated by PV amay is
imifially set at 23.125V supplying the converter. The outpui
voltage is controlled at the required level of 400V with no
overshoot at the tme ¢ = 3.155 and ¢ = 0.09s by using PI
controller and fiuzzy controller, respectively. The mductor
current associated with both control strategies keeps constant
at 18A in steady state. After that at the time 7 = 55, the input
voltage suddenly increased to 43.125V. Both control
strategies take the actions fo mamtain the output converter
wvoltage at the reference level of 400V. By employing PI
controller the oufput voltage remains constant at the desired
level at the time 1= 7085 with overshoot approximately 20%
under transient operation. By using fuzzy controller the
output voltage 1s confrolled at the time §f = 345 with
overshoot about 16%. The input cumrent keeps constant at
95A mn steady state by usmg both controllers. However,
faster response can be ohtmmdbi fuzzy controller.

Ly

E 400 e =
2 A Furry Contrellsr
= g
------ FI Coztyoller |

HJ
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I (A
-—'_—-*"

Time (5]
Figure 8. Sinmlated response for input voltage variations
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At the time ¢ = 105 the sudden decrease occurs in the
input voltage source. At this time, the imput voltage is
changed to 33.123V. As can be seen in Figure 8, the output
veltage of 400V is controlled by PI controller at the time =
11.75s with overshoot of about 9.5% whereas the output
veltage is confrolled by Fuzzy controller at the time ¢ =
10,655 with overshoot of approximately 8%. The current
flowing through the input mductor decreases to 12A
steady state. As can be seen the converter responses shown
in Figure 8, furzy controller performs greater performance
than the PT controller under the variation in the i mput voltage
supplying the converter.

Case 3: The load resistance changes, resulting in different
power required by the load The desired reference output
veltage and the input voltage source are 400V and 23.125V,
respectively. In order to compare the performance of both
confrol strategies the vanation in the load resistance 1s taken
info consideration during the operation of the high step-up
single-switch boost converter It is expected that the
converter ouwput voltage is constantly mamtained at 400V
under the change of load. Simmlation results for this case
show in Figure 9. As can be seen. when the load resistance
changed, the converter operated under the difference output
power, resulting in the variation in the mput imductor current.
At the beginning, the load resistance is initially set to 5000,
The output voltage controlled by PI controller and fuzzy
confroller remains constant at the desired output voltage of
400V at the time r = 3.02s and r = 0.13s, respectively, with
no overshoot. The inductor current 1s smoothly controlled at
18A in steady state. It is seen that PT controller spends longer
time to achieve the constant mput curent than fuzzy
confroller. After that at the time ¢ = 35, the load resistance 1s
changed from 30082 to 100082. The PI controller and fuzzy
confroller can mamtain the converter output voltage at the
time ¢ = 6.65 with overshoot of 20% and at the time = 5.4s
with overshoot of 16%, respectively.

R=30082 R=10008£2 R=150062

| F"u A=

K m——  Fizzy Contrullc

o wament BT Commeller

TL1A)




It is seen that the inductor current keeps constant at 10A
in steady state. After that at the tuime t = 10s the load
resistance 15 suddenly mcreased to 150082 As a result. the
input current keeps decreasing and maintains at the constant
level of 8A. By using furzy controller the comverter output
voltage can be controlled at 400 at the time = 10,35 while
the PI controller can regulate the output voltage of the
comverter at the same level at the fime ¢ = 11.35. As can be
seen the sinmlated results shown in Figure 9, the better
responses i both transient and steady states under the load

vanations can be achieved by wusing fuzzy controller
compared to PI controller.
VL  Comcrusion
In this the co performance of furzy

confroller and PI controller for the m%:@];gp -swnch
boost converter has been presented. confisuration of the
considered high step-up boost converter is firstly described
in the paper. The design of PI controller and fuzzy controller
is explained in order to control the converter output voltage
under different operating conditions. Simmlation results show
the performance companson of both control stratemes mmder
the vanations in referent output voltage, input voltage source
amd load resistance. It can be concluded that fiuzzy controller
provides much greater performance of converter response
under both transient and steady states than PI confroller for
all the considered operating condition.
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