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DSP eZdspTMF28335 1 

Texas Instruments 

 

 

.1  DSP eZdspTMF28335 

 DSP eZdspTMF28335 

1. floating 

point unit fixed point unit 

2.  MHz ns 

 

3.  

- RAM K bytes on chip RAM) 

- Flash K bytes on chip Flash 

memory) 

- SRAM K bytes on chip SRAM 

memory) 

4. XDS  JTAG Emulator RS

Real Time in System Programming) 
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5. Analog to Digital converter) 12

16  

6. Quadrature Encoder Pulse)  

7. ePWM 12 6 PWM 

8. Serial Peripheral Interface modules SPI SPI A) 

9. Serial Communications Interface modules SCI 3 SCI A,SCI B,SCI

C) 

10. 96  

 

PWM (enhanced PWM modules) 

 PWM 

DSP eZdspTMF ePWM ePWM

ePWMxA ePWMxB PWM 

Count Up mode) 

Count Down mode) Count Up Down mode) 

PWM ePWM Counter Compare) 

PWM PWM 

TBPRD (ePWM Period Register) TBPRD 

MHz 

HSPCLKDIV CLKDIV 

GPIO _EPWM A 

 

     

 TBPRD   

 HSPCLKDIV  (High Speed Clock Scalar) 
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 CLKDIV   (Clock Scalar) 

 fSYSCLKOUT  150MHz 

 fPWM  PWM  (Hz) 

 

ADC (Analog to Digital Converter) 

DSP 

eZdspTMF28335 

12 0V 3V 

12 0  4095 ADC 16 

A 8 ADCINA0  ADCINA7) B 8 

ADCINB0  ADCINB7) 3 ADCINA1 

iL1 L1 ADCINA2 
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 PWM DSP eZdspTMF

 

#include "DSP2833x_Device.h" 

#if (CPU_FRQ_150MHZ) 

#define ADC_MODCLK x  

#endif 

#if (CPU_FRQ_100MHZ) 

#define ADC_MODCLK 0x2 

#endif 

/ Header file Examples Include File 

/ SYSCLKOUT 150 MHz 

/ ADC_HSPCLK = MHz 

/ SYSCLKOUT 100 MHz 

/ ADC_HSPCLK = 0 2 MHz 

external function prototypes Header file 

extern void InitAdc(void); 

extern void InitSysCtrl(void); 

extern void InitPieCtrl(void); 

extern void InitPieVectTable(void); 

extern void InitCpuTimers(void); 

extern void ConfigCpuTimer(struct CPUTIMER_VARS *, 

float, float); 

extern void display_ADC(unsigned int); 

/  ADC 

/  CPU 

/ Peripheral Interrupt Expansion 

/ Peripheral Interrupt Expansion 

/ CPU Timer 

/ CPU Timer 

 

/ display ADC 

Prototype statements for functions found within this file.  

void Gpio_select(void); 

void Setup_ePWM(void); 

interrupt void cpu_timer0_isr(void); 

interrupt void adc_isr(void); 

/ Gpio_select 

/ Setup_ePWM 

/ Interrupt cpu_timer _isr 

/ Interrupt adc_isr 

 Global Variables of inputs and outputs   

unsigned int Voltage_Vout; 

unsigned int Current_Iin; 

float vout= , iin= , Ts= e , T=0, Trit=1e 4, Vref=400; 

 

int duty=3750, ii= , jj= ; 

float Vref=400; 

float Vref , Vref , Vref ; 

float T , T , T3 12; 

/  

/  

/ , , 

,   

/ , ii jj 

/  

/ ,2  3 

/ ,2  3 

Global Averaging Variables  

float iLsum= ; 

#define AV_S     

#define ITdAV     

/  

/ AV_S 

/ ITdAV 

Global Fuzzy Controller Variables  

float dtT=10e 4, mref= , deltaD= , pis= , ss , 

iL[ { , , , , , , , , , }; 

#define IT_S    100 

#define Vintv    

/ , , 

deltaD, pis, ss    

/ dtT/Ts 

/ V/Vref 
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float VMFs1, VMFs2, VMFs3, mMFs1, mMFs2, mMFs3, 

mMFs4, mMFs5; 

float NLmax, NMmax, Zmax, PMmax, PLmax; 

float NL= , NM= , Z= , PM= , PL= ; 

/ V/Vref 

miL1/mref 

/  

/ D 

Main Code  

void main(void){ 

InitSysCtrl(); 

EALLOW; 

SysCtrlRegs.WDCR= x AF; 

EDIS; 

DINT; 

Gpio_select(); 

Setup_ePWM(); 

InitPieCtrl(); 

InitPieVectTable(); 

InitAdc(); 

AdcRegs.ADCTRL all = ; 

AdcRegs.ADCTRL bit.ACQ_PS = ; 

AdcRegs.ADCTRL bit.SEQ_CASC = ; 

AdcRegs.ADCTRL bit.CPS = ; 

AdcRegs.ADCTRL bit.CONT_RUN = ; 

AdcRegs.ADCTRL2.all = 0; 

AdcRegs.ADCTRL2.bit.INT_ENA_SEQ1 = 1; 

AdcRegs.ADCTRL2.bit.EPWM_SOCA_SEQ1 =1; 

AdcRegs.ADCTRL2.bit.INT_MOD_SEQ1 = 0; 

AdcRegs.ADCTRL bit.ADCCLKPS = ; 

AdcRegs.ADCMAXCONV.all = ; 

AdcRegs.ADCCHSELSEQ bit.CONV ; 

AdcRegs.ADCCHSELSEQ bit.CONV ; 

EPwm Regs.TBCTL.all = xC ; 

EPwm Regs.TBPRD = ; 

 

EPwm Regs.ETPS.all = x ; 

EPwm Regs.ETSEL.all = x A ; EALLOW; 

PieVectTable.TINT &cpu_timer _isr; 

PieVectTable.ADCINT = &adc_isr; EDIS; 

InitCpuTimers(); 

ConfigCpuTimer(&CpuTimer , , ; 

PieCtrlRegs.PIEIER1.bit.INTx7 = 1; 

PieCtrlRegs.PIEIER1.bit.INTx6 = 1; 

IER |=1; EINT; ERTM; 

Void Main 

/ DSP x_SysCtrl.c 

EALLOW 

WatchDog 

EDIS 

 

/  

ePWM 

PIE table 

ISR's  PIE 

ADC 

AdcRegs.ADCTRL all 

 7 = 8 x ADCCLK 

 1=cascaded sequencer 

 divide by 1 

Single Run 

AdcRegs.ADCTRL2 all 

 1=enable SEQ1 interrupt 

 1=SEQ1 start from ePWM_SOCA trigger 

 0= interrupt  

ADC clock: FCLK = HSPCLK / ADCCLKPS  

 

ADCINA as st SEQ conv. 

ADCINA as nd SEQ conv. 

Configure timer control register 

TPPRD + TPWM / (HSPCLKDIV * CLKDIV * 

TSYSCLK) s / ns 

Configure ADC start by ePWM  

Enable SOCA to ADC 

PieVectTable.TINT  

PieVectTable.ADCINT 

CPU Timer , and  

Sampling time e e  

/CPU Timer 0 

/ADC 
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CpuTimer0Regs.TCR.bit.TSS = 0; 

while( { 

EALLOW; 

SysCtrlRegs.WDKEY = x ; 

EDIS;} 

} 

/  timer0 

 

 

Service WD  

 

 

Function Gpio_select Gpio_select 

void Gpio_select(void){ 

EALLOW; 

GpioCtrlRegs.GPAMUX all = ; 

GpioCtrlRegs.GPAMUX bit.GPIO ; 

GpioCtrlRegs.GPAMUX all = ; 

GpioCtrlRegs.GPBMUX all = ; 

GpioCtrlRegs.GPBMUX all = ; 

GpioCtrlRegs.GPCMUX all = ; 

GpioCtrlRegs.GPCMUX all = ; 

GpioCtrlRegs.GPADIR.all = ; 

GpioCtrlRegs.GPBDIR.all = ; 

GpioCtrlRegs.GPCDIR.all = ; EDIS;  
} 

void Gpio_select 

 

GPIO15 .. GPIO0 = General Puropse I/O 

ePWM1A active == S 

GPIO GPIO General Purpose I/O 

GPIO GPIO General Purpose I/O 

GPIO GPIO General Purpose I/O 

GPIO GPIO General Purpose I/O 

GPIO GPIO General Purpose I/O 

 

GPIO as inputs 

GPIO87 64 as inputs 

 

Function Setup_ePWM Setup_ePWM 

void Setup_ePWM(void){ 

EPwm Regs.TBCTL.all = ; 

EPwm Regs.TBCTL.bit.CLKDIV =  ; 

EPwm Regs.TBCTL.bit.HSPCLKDIV = ; 

EPwm Regs.TBCTL.bit.CTRMODE = ; 

EPwm Regs.AQCTLA.all = x ; 

 

EPwm1Regs.TBPRD = 3750; 

EPwm1Regs.CMPA.half.CMPA  = 3750; 

} 

void Setup_ePWM 

default status 

CLKDIV =  

HSPCLKDIV =  

up  down mode 

Set ePWM A on CMPA up 

Clear ePWM1A on CMPA down 

/3750=10KHz  PWM signal 

/ duty1 => 30%=2625 , 50%=1875 , 70%=1125 

//Function interrupt void cpu_timer0_isr interrupt void cpu_timer0_isr 

interrupt void cpu_timer0_isr(void){ 

static int up_down = 1; 

EALLOW; 

SysCtrlRegs.WDKEY = 0xAA; 

if(up_down){ 

if(EPwm1Regs.CMPA.half.CMPA < 

EPwm1Regs.TBPRD)  

EPwm1Regs.CMPA.half.CMPA; 

else up_down = 0; 

interrupt void cpu_timer0_isr 

 

 

/Service WD #2 
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}else{ 

if(EPwm1Regs.CMPA.half.CMPA > 0)  

EPwm1Regs.CMPA.half.CMPA; 

else up_down = 1;} 

PieCtrlRegs.PIEACK.all = PIEACK_GROUP1; 

FUZZYC(); 

T=T+Ts; 

if(T>T &&T<T {Vref=Vref ;} 

if(T>T &&T<T {Vref=Vref ;} 

if(T>T {Vref=Vref ;} 

if(vout> {Vref = ; 

EPwm Regs.CMPA.half.CMPA  = ;} 

if(iin>10){Vref = ; 

EPwm Regs.CMPA.half.CMPA  = ;} 

 

 

 

 

 

/ FUZZYC 

 

 if  

 

 

V  

 

A 

//Function interrupt void  adc_isr interrupt void  adc_isr 

interrupt void  adc_isr(void){ 

Voltage_Vout = AdcMirror.ADCRESULT ; 

Current_Iin = AdcMirror.ADCRESULT ; 

AdcRegs.ADCTRL bit.RST_SEQ  

AdcRegs.ADCST.bit.INT_SEQ _CLR = ; 

PieCtrlRegs.PIEACK.all = PIEACK_GROUP ; 

vout=( Voltage_Vout)+ ; 

iin=( Current_Iin)+ ; 

iLsum=iLsum+iin, ii++; 

if(ii >= AV_S){ 

for(jj= ;jj<ITdAV ; jj++){iL[jj]=iL[jj+ ;} 

iL[ITdAV iLsum/AV_S; 

ii= , iLsum= ;} 

mdmref=((iL[ITdAV iL[ dtT)/mref/ ; 

} 

interrupt void  adc_isr 

 

 

Reset SEQ  

Clear INT SEQ bit 

Acknowledge interrupt to PIE 

 

 

 ii 

 ii AV_S 

For loop iL 

iL iLsum/AV_S 

ii iLsum 

miL1/mref 

//Function void FUZZYC Fuzzy Controller 

void FUZZYC(void){ 

VMFs , VMFs , VMFs ; 

mMFs , mMFs , mMFs , mMFs , mMFs ; 

NLmax= , NMmax= , Zmax= , PMmax= , PLmax= ; 

dVdVref= (Vref vout)/Vref; 

if(dVdVref> {VMFs ; 

}else if ( Vintv<dVdVref && dVdVref<= { 

VMFs Vintv)*dVdVref; 

}else{VMFs ;} 

if(dVdVref>Vintv){VMFs ; 

void FUZZYC  

 VMFs 

mMFs 

NL NM Z PM  PL 

V/Vref 

 

V/Vref N VMFs  

 

 

V/Vref Z VMFs  
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}else if ( <dVdVref && dVdVref<=Vintv){ 

VMFs Vintv)*dVdVref+ ; 

}else if ( Vintv<dVdVref && dVdVref<= { 

VMFs Vintv)*dVdVref+ ; 

}else{VMFs ;} 

if(dVdVref>Vintv){VMFs ; 

}else if ( <dVdVref && dVdVref<=Vintv){ 

VMFs Vintv)*dVdVref; 

}else{VMFs ;} 

if(mdmref> 1){mMFs1=0; 

}else if ( 2<mdmref && mdmref<= 1){ 

mMFs1= (mdmref) 1; 

}else{mMFs1=1;} 

if(mdmref>0){mMFs2=0; 

}else if ( 1<mdmref && mdmref<=0){ 

mMFs2= (mdmref); 

}else if ( 2<mdmref && mdmref<= 1){ 

mMFs2=mdmref+2; 

}else{mMFs2=0;} 

if(mdmref>1){mMFs3=0; 

}else if (0<mdmref && mdmref<=1){ 

mMFs3= (mdmref)+1; 

}else if ( 1<mdmref && mdmref<=0){ 

mMFs3=mdmref+1; 

}else{mMFs3=0;} 

if(mdmref>2){mMFs4=0; 

} else if (1<mdmref && mdmref<=2){ 

mMFs4= (mdmref)+2; 

} else if (0<mdmref && mdmref<=1){ 

mMFs4=mdmref; 

} else{mMFs4=0;} 

if(mdmref>2){mMFs5=1; 

}else if (1<mdmref && mdmref<=2){ 

mMFs5=mdmref 1; 

}else{mMFs5=0;} 

if(VMFs1>0){ 

if(mMFs > { 

if(VMFs <mMFs { 

if(PLmax>=VMFs {PLmax=PLmax; 

}else{PLmax=VMFs ; 

}else{ 

if(PLmax>=mMFs {PLmax=PLmax; 

 

 

 

 

 

V/Vref P VMFs3 

 

 

 

miL1/mref NL mMFs1 

 

 

 

miL1/mref NM mMFs2 

 

 

 

 

 

miL1/mref Z mMFs3 

 

 

 

 

 

miL1/mref PM mMFs4 

 

 

 

 

 

/ miL1/mref PL mMFs5 

 

 

 

6 10 VMFs1 Z  

VMFs mMFs

PLmax  
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}else{PLmax=mMFs ;} 

} 

} 

if(mMFs > {  

if(VMFs <mMFs {  

if(Zmax>=VMFs {Zmax=Zmax; 

}else{Zmax=VMFs ;}  

}else{  

if(Zmax>=mMFs {Zmax=Zmax; 

}else{Zmax=mMFs ;}  

} 

} 

if(mMFs3>0){  

if(VMFs1<mMFs3){  

if(NMmax>=VMFs1){NMmax=NMmax; 

}else{NMmax=VMFs1;}  

}else{  

if(NMmax>=mMFs3){NMmax=NMmax; 

}else{NMmax=mMFs3;}  

}  

} 

if(mMFs4>0){  

if(VMFs1<mMFs4){  

if(NLmax>=VMFs1){NLmax=NLmax; 

}else{NLmax=VMFs1;}  

}else{  

if(NLmax>=mMFs4){NLmax=NLmax; 

}else{NLmax=mMFs4;}  

} 

} 

if(mMFs5>0){  

if(VMFs1<mMFs5){  

if(NLmax>=VMFs1){NLmax=NLmax;}  

else{NLmax=VMFs1;}  

}else{  

if(NLmax>=mMFs5){NLmax=NLmax; 

}else{NLmax=mMFs5;}  

}  

} 

} 

if(VMFs2>0){ 

 

 

 

 

2 VMFs mMFs

Zmax  

 

 

 

 

 

 

 

3 VMFs mMFs3

NMmax  

 

 

 

 

 

 

 

4 VMFs mMFs4

NLmax  

 

 

 

 

 

 

 

5 VMFs mMFs5

NLmax  

 

 

 

 

 

 

 

 

6 10 VMFs2 Z  
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if(mMFs1>0){  

if(VMFs2<mMFs1){  

if(PLmax>=VMFs2){PLmax=PLmax; 

}else{PLmax=VMFs2;}  

}else{  

if(PLmax>=mMFs1){PLmax=PLmax; 

}else{PLmax=mMFs1;}  

} 

} 

if(mMFs2>0){  

if(VMFs2<mMFs2){  

if(PMmax>=VMFs2){PMmax=PMmax;}  

else{PMmax=VMFs2;}  

}else{  

if(PMmax>=mMFs2){PMmax=PMmax; 

}else{PMmax=mMFs2;}  

} 

} 

if(mMFs3>0){  

if(VMFs2<mMFs3){  

if(Zmax>=VMFs2){Zmax=Zmax; 

}else{Zmax=VMFs2;}  

}else{  

if(Zmax>=mMFs3){Zmax=Zmax; 

}else{Zmax=mMFs3;}  

}  

} 

if(mMFs4>0){  

if(VMFs2<mMFs4){  

if(NMmax>=VMFs2){NMmax=NMmax; 

}else{NMmax=VMFs2;}  

}else{ 

if(NMmax>=mMFs4){NMmax=NMmax; 

}else{NMmax=mMFs4;}  

}  

} 

if(mMFs5>0){  

if(VMFs2<mMFs5){  

if(NLmax>=VMFs2){NLmax=NLmax; 

}else{NLmax=VMFs2;}  

}else{  

if(NLmax>=mMFs5){NLmax=NLmax; 

6 VMFs2 mMFs

PLmax  

 

 

 

 

 

 

 

7 VMFs2 mMFs

PMmax  

 

 

 

 

 

 

 

8 VMFs2 mMFs3

Zmax  

 

 

 

 

 

 

 

9 VMFs2 mMFs4

NMmax  

 

 

 

 

 

 

 

10 VMFs2 mMFs5

NLmax  
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}else{NLmax=mMFs5;}  

}  

} 

} 

if(VMFs3>0){ 

if(mMFs1>0){  

if(VMFs3<mMFs1){  

if(PLmax>=VMFs3){PLmax=PLmax; 

}else{PLmax=VMFs3;}  

}else{  

if(PLmax>=mMFs1){PLmax=PLmax; 

}else{PLmax=mMFs1;}  

}  

} 

if(mMFs2>0){  

if(VMFs3<mMFs2){  

if(PLmax>=VMFs3){PLmax=PLmax; 

}else{PLmax=VMFs3;}  

}else{  

if(PLmax>=mMFs2){PLmax=PLmax; 

}else{PLmax=mMFs2;}  

} 

} 

if(mMFs3>0){  

if(VMFs3<mMFs3){  

if(PMmax>=VMFs3){PMmax=PMmax; 

}else{PMmax=VMFs3;}  

}else{  

if(PMmax>=mMFs3){PMmax=PMmax; 

}else{PMmax=mMFs3;}  

} 

} 

if(mMFs4>0){  

if(VMFs3<mMFs4){  

if(Zmax>=VMFs3){Zmax=Zmax; 

}else{Zmax=VMFs3;}  

}else{  

if(Zmax>=mMFs4){Zmax=Zmax; 

}else{Zmax=mMFs4;}  

}  

} 

 

 

 

 

 

11 15 VMFs3 N  

11 VMFs3 mMFs

PLmax  

 

 

 

 

 

 

 

12 VMFs3 mMFs

PLmax  

 

 

 

 

 

 

 

13 VMFs3 mMFs3

PMmax  

 

 

 

 

 

 

 

14 VMFs3 mMFs4

Zmax  
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if(mMFs5>0){  

if(VMFs3<mMFs5){  

if(NMmax>=VMFs3){NMmax=NMmax; 

}else{NMmax=VMFs3;}  

}else{  

if(NMmax>=mMFs5){NMmax=NMmax; 

}else{NMmax=mMFs5;}  

} 

} 

} 

deltaD=(NLmax*NL+NMmax*NM+Zmax*Z+PMmax*PM 

+PLmax*PL)/(NLmax+NMmax+Zmax+PMmax+PLmax) 

*(Ts/Trit); 

pis= pis + deltaD ; 

duty= pis* ; 

 

if(duty> {duty= ; 

}else if(duty< {duty= ; 

}else{duty=duty;} 

EPwm Regs.CMPA.half.CMPA  = duty; 

} 

End of SourceCode. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

15 VMFs3 mMFs5

NMmax  

 

 

 

 

 

 

 

 

/  Sugeno 

 

 

/ pis 

pis duty 

 

duty  

 

 

PWM  

, ,  
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Hardware In Loop : HIL) 

Hardware In Loop: HIL) 

DSP eZdspTMF

MATLAB SIMULINK 

DSP eZdspTMF

 

DSP eZdspTMF

 PWM 

MATLAB SIMULINK DSP 

eZdspTMF MATLAB USB 

RTDX (Real 

Time Data eXchange) MATLAB SIMULINK (Host) 

DSP eZdspTMF Target) 

 

SIMULINK DSP eZdspTMF  

MATLAB eZdspTMF  

eZdspTMF

MATLAB F eZdsp CCStudio v

MATLAB 
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eZdspTMF Setup CCStudio v

eZdspTMF  

 

 

MATLAB eZdspTMF

USB MATLAB Command 

Window cc=ticcs" eZdspTMF

MATLAB  

 

MATLAB eZdspTMF  

F eZdsp CCStudio v

F eZdsp CCStudio v

MATLAB 
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eZdspTMF eZdspTMF F

eZdsp CCStudio v  

 

F eZdsp CCStudio v  

SIMULINK eZdspTMF  

SIMULINK eZdspTMF

SIMULINK eZdspTMF

RTDX 

SIMULINK eZdspTMF

SIMULINK eZdspTMF eZdspTMF

SIMULINK eZdspTMF SIMULINK 

 

SIMULINK eZdspTMF

RTDX Write RTDX simulation block 

MATLAB RTDX Write 

Channel name) 

SIMULINK eZdspTMF
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RTDX SIMULINK 

ichan  

 

RTDX Write 

 

RTDX Read 
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SIMULINK eZdspTMF

RTDX Read RTDX simulation block 

RTDX Read Channel name) 

Sample Time) eZdspTMF Output 

dimensions) Data type) double 

 

eZdspTMF SIMULINK 

F  eZdsp CCStudio v  

- RTDX_CreateOutChannel(ochan RTDX 

SIMULINK 

SIMULINK 

- RTDX_enableOutput(&ochan RTDX 

ochan SIMULINK 

- RTDX_write(&ochan ,dout ,nbuf*sizeof(long)):

SIMULINK RTDX ochan

 

eZdspTMF SIMULINK 

F  eZdsp CCStudio v  

- RTDX_CreateInputChannel(ichan RTDX 

SIMULINK 

SIMULINK 

- RTDX_enableInput(&ichan RTDX ichan

SIMULINK 

- RTDX_read(&ichan , din , nbuf*sizeof(long)) 

RTDX ichan  

eZdspTMF

eZdspTMF RTDX 
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eZdspTMF MATLAB 

SIMULINK RTDX 

 

- RVin Vo

+

L1 D1

C1
_

S2

L2 D2

C2S1

iL1

S3

D3

C3

L3

Switching Signal

+ _

_

Voltage 
sensor

Current sensor

iL1

Vo
Controller and 

Fault Detection Base on
 Fuzzy logic FSW1

FSW2

FSW3

Computer

RTDXs
(Real Time Data eXchange)

eZdsp   F28335TM

(Vo,current sensor)

(Vo,voltage sensor)

Ndigi,current sensor

Ndigi,voltage sensor

 

 

7 

SIMULINK eZdspTMF28335 

 

SIMULINK eZdspTMF28335 

8 SIMULINK VO) 

 (iL1) 

eZdspTMF28335 F28335 
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eZdsp CCStudio v3.3 9 eZdspTMF28335 

S1, S2 S3) 

FS1, FS2 FS3) 

SIMULINK 

 

8 RTDX SIMULINK 

SIMULINK eZdspTMF  
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F eZdsp CCStudio v  

 

10 eZdspTMF  
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1

#include <stdio.h> 

#include "SumDiff.h" 

#include <rtdx.h> /* RTDX_Read */
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#include "target.h"   /* TARGET_INITIALIZE  */ 

void FUZZYC(float *Vo, float *iin, float *miL , float *Dout, float *CS); 

void SW FAULT(float *Vo, float *iin, float *miL , float *Dout, float *FDSW , float *FDSW , 

float *FDSW ; 

#define MAX_BUFSIZE    Upper limit on data buffer */ 

define buffers, leave uninitialized, to be supplied by MATLAB */ 

INPUT 

float Vo[ , iin[ ; 

OUTPUTS of Fuzzy Controller 

float miL  , Dout[ , CS[ , FDSW , FDSW , FDSW ; 

Controller Parameters 

Input parameters */ 

float Vref= , Ts= e , dtT= e , mref= , dVdVref= , mdmref= , miin= ; 

Fuzzy parameters */ 

float Vintv= , VMFs , VMFs , VMFs , mMFs , mMFs , mMFs , mMFs , mMFs ; 

float NLmax, NMmax, Zmax, PMmax, PLmax, iL[ {  

};  

float vC { }, difvC { }, NL= , NM= , Z= , 

PM= , PL= ; 

Output parameters */ 

float deltaD, Duty= , ss ; 

Switching parameters */ 

float Tri_table[ {  

}, Trit= e , Triwave= ; 

int  point= , Tripoint= ; 

Fault Detection for SW & &  Parameters 

float dref= , L e , Vin= , Rload= , C= e ; 

Membership function intervals 

Fault detect SW  

float mFS , iFS , midmf , iLdif= , mf MFsN, mf MFsZ, mf MFsP, if MFsPS, if MFsPM, 

if MFsPL, VNF , VZF , VPF , NF , ZF , PF , FD , FS ; 

MFs of mFiL mFS  
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float BB= , AA= ; 

MFs of iL iFS  

float CC= , DD= , FF= , GG= ; 

Fault detect SW  

float dreff , mFS , dduty= , midmf , FLD , dtMFsN, dtMFsZ, dtMFsP, mf MFsN, 

mf MFsZ, mf MFsP, VNF , VZF ,VPF , NF , ZF , PF , deltaFD , FD , FS ; 

MFs of deltaddif 

float HH= , II= ; 

MFs of mFiL mFS  

float JJ= , KK= ; 

Fault detect SW  

float dv ref= , ddv ref= , dv , ddv , dv in= , ddv in= , FLD , dv MFsPS, dv MFsPM, 

dv MFsPL, ddv MFsPS, ddv MFsPM, ddv MFsPL, VNF , VZF , VPF , NF , ZF , PF ; 

float deltaFD , FD , FS ; 

MFs of dvc dvc ref 

float LL= , MM= , NN= , OO= ; 

MFs of ddvc ddvc ref 

float PP= , QQ= , RR= , SS= ; 

defines actual size, must be less than limit */ 

defines RTDX channels */ 

RTDX_CreateInputChannel (ichan ; /* Channel from which to receive filter input */ 

RTDX_CreateInputChannel (ichan ;  /* Channel from which to receive filter input */ 

RTDX_CreateOutputChannel(ochan ; /* Channel to output coefficient updates */    

RTDX_CreateOutputChannel(ochan ; /* Channel to output coefficient updates */   

RTDX_CreateOutputChannel(ochan ; /* Channel to output coefficient updates */    

RTDX_CreateOutputChannel(ochan ; /* Channel to output coefficient updates */   

RTDX_CreateOutputChannel(ochan ; /* Channel to output coefficient updates */  

RTDX_CreateOutputChannel(ochan ; /* Channel to output coefficient updates */  

main * 

void main(){  

 TARGET_INITIALIZE();   /* Target specific initialization */ 

 RTDX_enableInput (&ichan ;  /* Enable channels */ 

 RTDX_enableInput (&ichan ; 

 RTDX_enableOutput(&ochan ;    

 RTDX_enableOutput(&ochan ;  

 RTDX_enableOutput(&ochan ;    
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 RTDX_enableOutput(&ochan ;  

 RTDX_enableOutput(&ochan ;  

 RTDX_enableOutput(&ochan ;    

while ( { 

 Read inputs from host */ 

 RTDX_read( &ichan , Vo, sizeof(long) );  

 RTDX_read( &ichan , iin, sizeof(long) );  

 Call function */ 

 FUZZYC(Vo, iin, miL , Dout , CS); 

 SW FAULT(Vo, iin, miL , Dout , FDSW , FDSW , FDSW ;    

 Write outputs to host */ 

 while ( RTDX_writing != NULL ){  /* wait for previous write to complete */  

  #if RTDX_POLLING_IMPLEMENTATION 

  RTDX_Poll(); 

  #endif} 

 RTDX_write( &ochan , miL , sizeof(long) );  

 while ( RTDX_writing != NULL ){ /* wait for previous write to complete */  

  #if RTDX_POLLING_IMPLEMENTATION 

  RTDX_Poll(); 

  #endif} 

 RTDX_write( &ochan , Dout, sizeof(long) ); 

 while ( RTDX_writing != NULL ){  /* wait for previous write to complete */  

  #if RTDX_POLLING_IMPLEMENTATION 

  RTDX_Poll(); 

  #endif} 

 RTDX_write( &ochan , CS, sizeof(long) );  

 while ( RTDX_writing != NULL ){ /* wait for previous write to complete */  

  #if RTDX_POLLING_IMPLEMENTATION 

  RTDX_Poll(); 

  #endif} 

 RTDX_write( &ochan , FDSW , sizeof(long) );  

 while ( RTDX_writing != NULL ){  /* wait for previous write to complete */  

  #if RTDX_POLLING_IMPLEMENTATION 

  RTDX_Poll(); 

  #endif} 

 RTDX_write( &ochan , FDSW , sizeof(long) ); 
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 while ( RTDX_writing != NULL ){ /* wait for previous write to complete */  

  #if RTDX_POLLING_IMPLEMENTATION 

  RTDX_Poll(); 

  #endif} 

 RTDX_write( &ochan , FDSW , sizeof(long) ); 

} 

} 

add_sub_buffers */ 

void FUZZYC(float *Vo, float *iin, float *miL , float *Dout, float *CS){  

 short t, ij; 

 set zero innitial membership fuction  

 VMFs , VMFs , VMFs , mMFs , mMFs , mMFs , mMFs , mMFs ; 

 innitial for find maximum value 

 NLmax= , NMmax= , Zmax= , PMmax= , PLmax= ; 

 for (t = ; t < ; t++) { 

set iL parameter in array 

  for(ij= ; ij< ; ij++){iL[ij]=iL[ij+ ;} 

  iL[ iin[t];  

 Fuzzy input calculation 

  dVdVref= (Vref Vo[t])/Vref; 

  miin=(iin[t] iL[ dtT; 

  miL t]=miin; 

  mdmref= miin/mref; 

 Check voltage membership function 

  if(dVdVref> {VMFs ;}  Check if dVdVref is in N interval 

  else if ( Vintv<dVdVref && dVdVref<= {VMFs Vintv)*dVdVref;}  

  else{VMFs ;}  

  if(dVdVref>Vintv){VMFs ;}  Check if dVdVref is in Z interval 

  else if ( <dVdVref && dVdVref<=Vintv){VMFs Vintv)*dVdVref+ ;}  

  else if ( Vintv<dVdVref && dVdVref<= {VMFs Vintv)*dVdVref+ ;}  

  else{VMFs ;} 

  if(dVdVref>Vintv){VMFs ;}  Check if dVdVref is in P interval 

  else if ( <dVdVref && dVdVref<=Vintv){VMFs Vintv)*dVdVref;}  

  else{VMFs ;}  

 Check current slope membership function 

  if(mdmref> {mMFs ;}  Check if mdmref is in NL interval 
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  else if ( <mdmref && mdmref<= {mMFs mdmref) ;}  

  else{mMFs ;} 

  if(mdmref> {mMFs ;}  Check if mdmref is in NM interval 

  else if ( <mdmref && mdmref<= {mMFs mdmref);}  

  else if ( <mdmref && mdmref<= {mMFs mdmref+ ;}  

  else{mMFs ;}  

  if(mdmref> {mMFs ;}  Check if mdmref is in Z interval 

  else if ( <mdmref && mdmref<= {mMFs mdmref)+ ;}  

  else if ( <mdmref && mdmref<= {mMFs mdmref+ ;}  

  else{mMFs ;} 

  if(mdmref> {mMFs ;}  Check if mdmref is in PM interval 

  else if ( <mdmref && mdmref<= {mMFs mdmref)+ ;}  

  else if ( <mdmref && mdmref<= {mMFs mdmref;}  

  else{mMFs ;} 

  if(mdmref> {mMFs ;}  Check if mdmref is in PL interval 

  else if ( <mdmref && mdmref<= {mMFs mdmref ;}  

  else{mMFs ;}  

 Check Rule bases  

  if(VMFs > { Rule bases  VMFs of N >  

   if(mMFs > {  st Rule base 

    if(VMFs <mMFs {  

     if(PLmax>=VMFs {PLmax=PLmax;}  

     else{PLmax=VMFs ;}  

    }else{  

     if(PLmax>=mMFs {PLmax=PLmax;}  

     else{PLmax=mMFs ;}  

    }  

   } 

   if(mMFs > {  nd Rule base 

    if(VMFs <mMFs {  

     if(Zmax>=VMFs {Zmax=Zmax;}  

     else{Zmax=VMFs ;}  

    }else{  

     if(Zmax>=mMFs {Zmax=Zmax;}  

     else{Zmax=mMFs ;}  

    } 
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   }  

   if(mMFs > {  rd Rule base 

    if(VMFs <mMFs {  

     if(NMmax>=VMFs {NMmax=NMmax;}  

     else{NMmax=VMFs ;}  

    }else{  

     if(NMmax>=mMFs {NMmax=NMmax;}  

     else{NMmax=mMFs ;}  

    } 

   }  

   if(mMFs > {  th Rule base 

    if(VMFs <mMFs {  

     if(NLmax>=VMFs {NLmax=NLmax;}  

     else{NLmax=VMFs ;}  

    }else{  

     if(NLmax>=mMFs {NLmax=NLmax;}  

     else{NLmax=mMFs ;}  

    }  

   }  

   if(mMFs > {  th Rule base 

    if(VMFs <mMFs {  

     if(NLmax>=VMFs {NLmax=NLmax;}  

     else{NLmax=VMFs ;}  

    }else{  

     if(NLmax>=mMFs {NLmax=NLmax;}  

     else{NLmax=mMFs ;}  

    }  

   }  

  }  

  if(VMFs > {  Rule bases  VMFs of Z >  

   if(mMFs > {  th Rule base 

    if(VMFs <mMFs {  

     if(PLmax>=VMFs {PLmax=PLmax;}  

     else{PLmax=VMFs ;}  

    }else{  

     if(PLmax>=mMFs {PLmax=PLmax;}  
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     else{PLmax=mMFs ;}  

    } 

   }  

   if(mMFs > {  th Rule base 

    if(VMFs <mMFs {  

     if(PMmax>=VMFs {PMmax=PMmax;}  

     else{PMmax=VMFs ;}  

    }else{  

     if(PMmax>=mMFs {PMmax=PMmax;}  

     else{PMmax=mMFs ;}  

    }  

   } 

   if(mMFs > {  th Rule base 

    if(VMFs <mMFs {  

     if(Zmax>=VMFs {Zmax=Zmax;}  

     else{Zmax=VMFs ;}  

    }else{  

     if(Zmax>=mMFs {Zmax=Zmax;}  

     else{Zmax=mMFs ;}  

    } 

   }  

   if(mMFs > {  th Rule base 

    if(VMFs <mMFs {  

     if(NMmax>=VMFs {NMmax=NMmax;}  

     else{NMmax=VMFs ;}  

    }else{  

     if(NMmax>=mMFs {NMmax=NMmax;}  

     else{NMmax=mMFs ;}  

    } 

   }  

   if(mMFs > {  th Rule base 

    if(VMFs <mMFs {  

     if(NLmax>=VMFs {NLmax=NLmax;}  

     else{NLmax=VMFs ;}  

    }else{  

     if(NLmax>=mMFs {NLmax=NLmax;}  
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     else{NLmax=mMFs ;}  

    }  

   }  

  }  

  if(VMFs > {  Rule bases  VMFs of P >  

   if(mMFs > {   th Rule base 

    if(VMFs <mMFs {  

     if(PLmax>=VMFs {PLmax=PLmax;}  

     else{PLmax=VMFs ;}  

    }else{  

     if(PLmax>=mMFs {PLmax=PLmax;}  

     else{PLmax=mMFs ;}  

    }  

   }  

   if(mMFs > {  th Rule base 

    if(VMFs <mMFs {   

     if(PLmax>=VMFs {PLmax=PLmax;}  

     else{PLmax=VMFs ;}  

    }else{   

     if(PLmax>=mMFs {PLmax=PLmax;}  

     else{PLmax=mMFs ;}  

    } 

   } 

   if(mMFs > {  th Rule base 

    if(VMFs <mMFs {  

     if(PMmax>=VMFs {PMmax=PMmax;}  

     else{PMmax=VMFs ;}  

    }else{   

     if(PLmax>=mMFs {PLmax=PLmax;}  

     else{PLmax=mMFs ;}  

    }  

   }  

   if(mMFs > {  th Rule base 

    if(VMFs <mMFs {  

     if(Zmax>=VMFs {Zmax=Zmax;}  

     else{Zmax=VMFs ;}  
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    }else{  

     if(Zmax>=mMFs {Zmax=Zmax;}  

     else{Zmax=mMFs ;}  

    } 

   }  

   if(mMFs > {  th Rule base 

    if(VMFs <mMFs {  

     ANM[iNM]=VMFs[ ;  

     if(NMmax>=VMFs {NMmax=NMmax;}  

     else{NMmax=VMFs ;}  

    }else{  

     ANM[iNM]=mMFs[ ;  

     if(NMmax>=mMFs {NMmax=NMmax;}  

     else{NMmax=mMFs ;}  

    }  

   }  

  }  

 Defuzzification by Sugeno fuzzy interference 

 deltaD=(NLmax*NL+NMmax*NM+Zmax*Z+PMmax*PM+PLmax*PL)/(NLmax+NMmax+Z

max+PMmax+PLmax)*(Ts/Trit); 

 Duty=Duty+deltaD;  Duty cycle 

 if(Duty>= {Duty= ;}  Saturation 

 else if( <=Duty< {Duty=Duty;} 

 else{Duty= ;} 

 Dout[t] = Duty; 

 point=point+ ;  PWM method 

 if(point>= {point= ;} 

 Tripoint=point; 

 Triwave=Tri_table[Tripoint]; 

 if(Duty>=Triwave){ss ;} 

 else{ss ;} 

 CS[t] = ss ; 

 }return;                                                                

} 

Fault Tolerance */ 
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void SW FAULT(float *Vo, float *iin, float *miL , float *Dout, float *FDSW , float *FDSW , 

float *FDSW {  

 short t, im, in; 

 Fault SW  

 set zero innitial membership fuction  

 mf MFsN= , mf MFsZ= , mf MFsP= , if MFsPS= , if MFsPM= , if MFsPL= ; 

 innitial for find maximum value 

 NF , ZF , PF ; 

 Fault SW  

 set zero innitial membership fuction  

 dtMFsN= , dtMFsZ= , dtMFsP= , mf MFsN= , mf MFsZ= , mf MFsP= ; 

 innitial for find maximum value 

 NF , ZF , PF ; 

 Fault SW  

 set zero innitial membership fuction  

 dv MFsPS= , dv MFsPM= , dv MFsPL= , ddv MFsPS= , ddv MFsPM= , ddv MFsPL= ; 

 innitial for find maximum value 

 NF , ZF , PF ; 

 for (t = ; t < ; t++) { 

  Fault SW  

  mFS Vin*dref/(L dref)); 

  iFS Vref/(Rload*( dref)*( dref)*( dref)); 

  midmf miL t]/mFS ; 

  iLdif=iin[t]/iFS ; 

  Check voltage membership function 

  if(midmf  <= BB){mf MFsN= ;}  Check if midmf  is in N interval 

  else if (midmf  > BB && midmf  <= AA){mf MFsN=(midmf AA)*(AA BB);}  

  else{mf MFsN= ;}  

  if(midmf  <= BB){mf MFsZ= ;}  Check if midmf  is in Z interval 

  else if (midmf  > BB && midmf  <= AA){mf MFsZ=(midmf BB)*(BB AA);}  

  else if (midmf  > AA && midmf  <= AA){mf MFsZ= ;}  

  else if (midmf  > AA && midmf  <= BB){mf MFsZ=(midmf BB)*(AA BB);} 

  else{mf MFsZ= ;} 

  if(midmf  <= AA){mf MFsP= ;}  Check if midmf  is in P interval 

  else if (midmf  > AA && midmf  <= BB){mf MFsP=(midmf AA)*(BB AA);}  

  else{mf MFsP= ;}  
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  if(iLdif <= CC){if MFsPS= ;}  Check if iLdif is in PS interval 

  else if (iLdif > CC && iLdif <= DD){if MFsPS=(iLdif DD)*(CC DD);}  

  else{if MFsPS= ;}  

  if(iLdif <= CC){if MFsPM= ;}  Check if iLdif is in PM interval 

  else if (iLdif > CC && iLdif <= DD){if MFsPM=(iLdif CC)*(DD CC);}  

  else if (iLdif > DD && iLdif <= FF){if MFsPM= ;}  

  else if (iLdif > FF && iLdif <= GG){if MFsPM=(iLdif GG)*(FF GG);} 

  else{if MFsPM= ;} 

  if(iLdif <= FF){if MFsPL= ;}  Check if iLdif is in PL interval 

  else if (iLdif > FF && iLdif <= GG){if MFsPL=(iLdif FF)*(GG FF);}  

  else{if MFsPL= ;}  

  Check Rule bases  

  if(mf MFsN> {  Rule bases  mf MFsN >  

   if(if MFsPS> {  st Rule base 

    if(mf MFsN<if MFsPS){  

     if(PF >=mf MFsN){PF PF ;}  

     else{PF mf MFsN;}  

    }else{  

     if(PF >=if MFsPS){PF PF ;}  

     else{PF if MFsPS;}  

    }  

   } 

   if(if MFsPM> {  nd Rule base 

    if(mf MFsN<if MFsPM){  

     if(ZF >=mf MFsN){ZF ZF ;}  

     else{ZF mf MFsN;}  

    }else{  

     if(ZF >=if MFsPM){ZF ZF ;}  

     else{ZF if MFsPM;}  

    }  

   }  

   if(if MFsPL> {  rd Rule base 

    if(mf MFsN<if MFsPL){  

     if(ZF >=mf MFsN){ZF ZF ;}  

     else{ZF mf MFsN;}  

    }else{  
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     if(ZF >=if MFsPL){ZF ZF ;}  

     else{ZF if MFsPL;}  

    }  

   }   

  }  

  if(mf MFsZ> {  Rule bases  mf MFsZ >  

   if(if MFsPS> {  th Rule base 

    if(mf MFsZ<if MFsPS){  

     if(PF >=mf MFsZ){PF PF ;}  

     else{PF mf MFsZ;}  

    }else{  

     if(PF >=if MFsPS){PF PF ;}  

     else{PF if MFsPS;}  

    }  

   } 

   if(if MFsPM> {  th Rule base 

    if(mf MFsZ<if MFsPM){  

     if(ZF >=mf MFsZ){ZF ZF ;}  

     else{ZF mf MFsZ;}  

    }else{  

     if(ZF >=if MFsPM){ZF ZF ;}  

     else{ZF if MFsPM;}  

    }  

   }  

   if(if MFsPL> {  th Rule base 

    if(mf MFsZ<if MFsPL){  

     if(ZF >=mf MFsZ){ZF ZF ;}  

     else{ZF mf MFsZ;}  

    }else{  

     if(ZF >=if MFsPL){ZF ZF ;}  

     else{ZF if MFsPL;}  

    }  

   }   

  } 

  if(mf MFsP> {  Rule bases  mf MFsP >  

   if(if MFsPS> {  th Rule base 
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    if(mf MFsP<if MFsPS){  

     if(ZF >=mf MFsP){ZF ZF ;}  

     else{ZF mf MFsP;}  

    }else{  

     if(PF >=if MFsPS){ZF ZF ;}  

     else{PF if MFsPS;}  

    }  

   } 

   if(if MFsPM> {  th Rule base 

    if(mf MFsP<if MFsPM){  

     if(ZF >=mf MFsP){ZF ZF ;}  

     else{ZF mf MFsP;}  

    }else{  

     if(ZF >=if MFsPM){ZF ZF ;}  

     else{ZF if MFsPM;}  

    }  

   }  

   if(if MFsPL> {  th Rule base 

    if(mf MFsP<if MFsPL){  

     if(NF >=mf MFsP){NF NF ;}  

     else{NF mf MFsP;}  

    }else{  

     if(NF >=if MFsPL){NF NF ;}  

     else{NF if MFsPL;}  

    }  

   }  

  }  

  FD NF VNF ZF VZF PF VPF NF ZF PF ; 

  if(FD >  && FS  && FS {FS ;} 

  else{FS ;} 

 

  Fault SW  

  dreff pow(Vin/Vref, ; 

  mFS mref; 

  dduty=Dout[t] dreff ; 

  midmf miL t]/mFS ; 
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  Check voltage membership function dtMFs, mf MFs 

  if(dduty <= II){dtMFsN= ;}  Check if dduty is in N interval 

  else if (dduty > II && dduty <= HH){dtMFsN=(dduty+HH)*(HH II);}  

  else{dtMFsN= ;}  

  if(dduty <= II){dtMFsZ= ;}  Check if dduty is in Z interval 

  else if (dduty > II && dduty <= HH){dtMFsZ=(dduty+II)*(II HH);}  

  else if (dduty > HH && dduty <= HH){dtMFsZ= ;}  

  else if (dduty > HH && dduty <= II){dtMFsZ=(dduty II)*(HH II);} 

  else{dtMFsZ= ;} 

  if(dduty <= HH){dtMFsP= ;}  Check if dduty is in P interval 

  else if (dduty > HH && dduty <= II){dtMFsP=(dduty HH)*(II HH);}  

  else{dtMFsP= ;} 

  if(midmf  <= KK){mf MFsN= ;}  Check if midmf  is in N interval 

  else if (midmf  > KK && midmf  <= JJ){mf MFsN=(midmf JJ)*(JJ KK);}  

  else{mf MFsN= ;}  

  if(midmf  <= KK){mf MFsZ= ;}  Check if midmf  is in Z interval 

  else if (midmf  > KK && midmf  <= JJ){mf MFsZ=(midmf KK)*(KK JJ);}  

  else if (midmf  > JJ && midmf  <= JJ){mf MFsZ= ;}  

  else if (midmf  > JJ && midmf  <= KK){mf MFsZ=(midmf KK)*(JJ KK);} 

  else{mf MFsZ= ;} 

  if(midmf  <= JJ){mf MFsP= ;}  Check if midmf  is in P interval 

  else if (midmf  > JJ && midmf  <= KK){mf MFsP=(midmf JJ)*(KK JJ);}  

  else{mf MFsP= ;} 

  Check Rule bases  

  if(dtMFsN> {  Rule bases  dtMFsN >  

   if(mf MFsN> {  st Rule base 

    if(dtMFsN<mf MFsN){  

     if(ZF >=dtMFsN){ZF ZF ;}  

     else{ZF dtMFsN;}  

    }else{  

     if(ZF >=mf MFsN){ZF ZF ;}  

     else{ZF mf MFsN;}  

    }  

   } 

   if(mf MFsZ> {  nd Rule base 

    if(dtMFsN<mf MFsZ){  
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     if(NF >=dtMFsN){NF NF ;}  

     else{NF dtMFsN;}  

    }else{  

     if(NF >=mf MFsZ){NF NF ;}  

     else{NF mf MFsZ;}  

    }  

   }  

   if(mf MFsP> {  rd Rule base 

    if(dtMFsN<mf MFsP){  

     if(ZF >=dtMFsN){ZF ZF ;}  

     else{ZF dtMFsN;}  

    }else{  

     if(ZF >=mf MFsP){ZF ZF ;}  

     else{ZF mf MFsP;}  

    }  

   }   

  }  

  if(dtMFsZ> {  Rule bases  dtMFsZ >  

   if(mf MFsN> {  th Rule base 

    if(dtMFsZ<mf MFsN){  

     if(ZF >=dtMFsZ){ZF ZF ;}  

     else{ZF dtMFsZ;}  

    }else{  

     if(ZF >=mf MFsN){ZF ZF ;}  

     else{ZF mf MFsN;}  

    }  

   } 

   if(mf MFsZ> {  th Rule base 

    if(dtMFsZ<mf MFsZ){  

     if(NF >=dtMFsZ){NF NF ;}  

     else{NF dtMFsZ;}  

    }else{  

     if(NF >=mf MFsZ){NF NF ;}  

     else{NF mf MFsZ;}  

    }  

   }  
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   if(mf MFsP> {  th Rule base 

    if(dtMFsZ<mf MFsP){  

     if(ZF >=dtMFsZ){ZF ZF ;}  

     else{ZF dtMFsZ;}  

    }else{  

     if(ZF >=mf MFsP){ZF ZF ;}  

     else{ZF mf MFsP;}  

    }  

   }   

  }  

  if(dtMFsP> {  Rule bases  dtMFsP >  

   if(mf MFsN> {  th Rule base 

    if(dtMFsP<mf MFsN){  

     if(PF >=dtMFsP){PF PF ;}  

     else{PF dtMFsP;}  

    }else{  

     if(PF >=mf MFsN){PF PF ;}  

     else{PF mf MFsN;}  

    }  

   } 

   if(mf MFsZ> {  th Rule base 

    if(dtMFsP<mf MFsZ){  

     if(ZF >=dtMFsP){ZF ZF ;}  

     else{ZF dtMFsP;}  

    }else{  

     if(ZF >=mf MFsZ){ZF ZF ;}  

     else{ZF mf MFsZ;}  

    }  

   }  

   if(mf MFsP> {  th Rule base 

    if(dtMFsP<mf MFsP){  

     if(PF >=dtMFsP){PF PF ;}  

     else{PF dtMFsP;}  

    }else{  

     if(PF >=mf MFsP){PF PF ;}  

     else{PF mf MFsP;}  
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    }  

   }   

  }  

  deltaFD NF VNF ZF VZF PF VPF NF ZF PF ; 

  FD FD deltaFD ; 

  if(FD  < {FD ;} 

  if(FD FLD  >  && FS  && FS {FS ;} 

  else{FS ;} 

 

  Fault SW  

  dv ref= Vref/(Rload*C); 

  ddv ref=Vref/((Rload*C)*(Rload*C)); 

  for(im= ; im< ; im++){vC im]=vC im+ ;} 

  vC Vo[t];  

  dv Vo[t] vC dtT/ ; 

  for(in= ; in< ; in++){difvC in]=difvC in+ ;} 

  difvC dv ; 

  ddv difvC difvC dtT/ ;; 

  dv in=dv dv ref; 

  ddv in=ddv ddv ref; 

  Check voltage membership function dv MFs, ddv MFs 

  if(dv in <= LL){dv MFsPS= ;}  Check if dv in is in PS interval 

  else if (dv in > LL && dv in <= MM){dv MFsPS=(dv in MM)*(LL MM);}  

  else{dv MFsPS= ;}  

  if(dv in <= LL){dv MFsPM= ;}  Check if dv in is in PM interval 

  else if (dv in > LL && dv in <= MM){dv MFsPM=(dv in LL)*(MM LL);}  

  else if (dv in > MM && dv in <= NN){dv MFsPM= ;}  

  else if (dv in > NN && dv in <= OO){dv MFsPM=(dv in OO)*(NN OO);} 

  else{dv MFsPM= ;} 

  if(dv in <= NN){dv MFsPL= ;}  Check if dv in is in PL interval 

  else if (dv in > NN && dv in <= OO){dv MFsPL=(dv in NN)*(OO NN);}  

  else{dv MFsPL= ;} 

  if(ddv in <= PP){ddv MFsPS= ;}  Check if dv in is in PS interval 

  else if (ddv in > PP && ddv in <= QQ){ddv MFsPS=(ddv in QQ)*(PP QQ);}  

  else{ddv MFsPS= ;}  

  if(ddv in <= PP){ddv MFsPM= ;}  Check if dv in is in PM interval 
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  else if (ddv in > PP && ddv in <= QQ){ddv MFsPM=(ddv in PP)*(QQ PP);}  

  else if (ddv in > QQ && ddv in <= RR){ddv MFsPM= ;}  

  else if (ddv in > RR && ddv in <= SS){ddv MFsPM=(ddv in SS)*(RR SS);} 

  else{ddv MFsPM= ;} 

  if(ddv in <= RR){ddv MFsPL= ;}  Check if dv in is in PL interval 

  else if (ddv in > RR && ddv in <= SS){ddv MFsPL=(ddv in RR)*(SS RR);}  

  else{ddv MFsPL= ;} 

 

  Check Rule bases  

  if(dv MFsPS> {  Rule bases  dv MFsPS >  

   if(ddv MFsPS> {  st Rule base 

    if(dv MFsPS<ddv MFsPS){  

     if(NF >=dv MFsPS){NF NF ;}  

     else{NF dv MFsPS;}  

    }else{  

     if(NF >=ddv MFsPS){NF NF ;}  

     else{NF ddv MFsPS;}  

    }  

   } 

   if(ddv MFsPM> {  nd Rule base 

    if(dv MFsPS<ddv MFsPM){  

     if(NF >=dv MFsPS){NF NF ;}  

     else{NF dv MFsPS;}  

    }else{  

     if(NF >=ddv MFsPM){NF NF ;}  

     else{NF ddv MFsPM;}  

    }  

   }  

   if(ddv MFsPL> {  rd Rule base 

    if(dv MFsPS<ddv MFsPL){  

     if(NF >=dv MFsPS){NF NF ;}  

     else{NF dv MFsPS;}  

    }else{  

     if(NF >=ddv MFsPL){NF NF ;}  

     else{NF ddv MFsPL;}  

    }  
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   }   

  }  

  if(dv MFsPM> {  Rule bases  dv MFsPM >  

   

   if(ddv MFsPS> {  th Rule base 

    if(dv MFsPM<ddv MFsPS){  

     if(ZF >=dv MFsPM){ZF ZF ;}  

     else{ZF dv MFsPM;}  

    }else{  

     if(ZF >=ddv MFsPS){ZF ZF ;}  

     else{ZF ddv MFsPS;}  

    }  

   } 

   if(ddv MFsPM> {  th Rule base 

    if(dv MFsPM<ddv MFsPM){  

     if(PF >=dv MFsPM){PF PF ;}  

     else{PF dv MFsPM;}  

    }else{  

     if(PF >=ddv MFsPM){PF PF ;}  

     else{PF ddv MFsPM;}  

    }  

   }  

   if(ddv MFsPL> {  th Rule base 

    if(dv MFsPM<ddv MFsPL){  

     if(ZF >=dv MFsPM){ZF ZF ;}  

     else{ZF dv MFsPM;}  

    }else{  

     if(ZF >=ddv MFsPL){ZF ZF ;}  

     else{ZF ddv MFsPL;}  

    }  

   }   

  }  

  if(dv MFsPL> {  Rule bases  dv MFsPL >  

   if(ddv MFsPS> {  th Rule base 

    if(dv MFsPL<ddv MFsPS){  

     if(NF >=dv MFsPL){NF NF ;}  
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     else{NF dv MFsPL;}  

    }else{  

     if(NF >=ddv MFsPS){NF NF ;}  

     else{NF ddv MFsPS;}  

    }  

   } 

   if(ddv MFsPM> {  th Rule base 

    if(dv MFsPL<ddv MFsPM){  

     if(NF >=dv MFsPL){NF NF ;}  

     else{NF dv MFsPL;}  

    }else{  

     if(NF >=ddv MFsPM){NF NF ;}  

     else{NF ddv MFsPM;}  

    }  

   }  

   if(ddv MFsPL> {  th Rule base 

    if(dv MFsPL<ddv MFsPL){  

     if(NF >=dv MFsPL){NF NF ;}  

     else{NF dv MFsPL;}  

    }else{  

     if(NF >=ddv MFsPL){NF NF ;}  

     else{NF ddv MFsPL;}  

    }  

   }   

  } 

  deltaFD NF VNF ZF VZF PF VPF NF ZF PF ; 

  FD FD deltaFD ; 

  if(FD  < {FD ;} 

  if(FD FLD  >  && FS  && FS {FS ;} 

  else{FS ;}  

  FDSW t]=FS , FDSW t]=FS , FDSW t]=FS ; 

 }return;                                                                

} 
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Fuzzy rule evaluation) 

IF 

THEN 

THEN 

Aggregation) 

 

 

 

 

 miL1/mref

D
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VO/Vref miL1/mref D 

 

VO/Vref miL1/mref D 
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 miL1/mref

 

1st IF   V/Vref  = N   AND   miL1/mref  = PM D = NL 

2nd  IF   V/Vref  = N   AND   miL1/mref  = Z D = NM 

3rd  IF   V/Vref  = N   AND   miL1/mref  = NM D = Z 

4th  IF   V/Vref  = Z   AND   miL1/mref  = PM D = NM 

5th  IF   V/Vref  = Z   AND   miL1/mref  = Z D = Z 

6th  IF   V/Vref  = Z   AND   miL1/mref  = NM D = PM 

7th  IF   V/Vref  = P   AND   miL1/mref  = PM D = Z 

8th  IF   V/Vref  = P   AND   miL1/mref  = Z  D = PM 

9th  IF   V/Vref  = P   AND   miL1/mref  = NM D = PL 

 Vref 

400V  Vin  20V  R  

VO  Vref VO  Vref

 

 

 
 

VO  

Rise 

Time s  

Settling 

Time (s)  

Percent 

Overshoot (%) 

Steady-State Error 

(%) 
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D
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VO/Vref miL1/mref D 

1

0

N Z P

A0-A

NM Z PM PLNL

20-2 -1 1

NM Z PM PLNL

0-0.06 -0.04 0.04 0.06

1

0

NS PS

0.02-0.02

PSNS
.) .)

.)  

VO/Vref miL1/mref D 
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 miL1/mref

 

1st IF   V/Vref  = N   AND   miL1/mref  = PL D = NL 

2nd IF   V/Vref  = N   AND   miL1/mref  = PM D = NL 

3rd IF   V/Vref  = N   AND   miL1/mref  = PS D = NM 

4th  IF   V/Vref  = N   AND   miL1/mref  = Z D = NS 

5th  IF   V/Vref  = N   AND   miL1/mref  = NS D = Z 

6th  IF   V/Vref  = N   AND   miL1/mref  = NM D = PS 

7th  IF   V/Vref  = N   AND   miL1/mref  = NL D = PM 

8th  IF   V/Vref  = Z   AND   miL1/mref  = PL D = NL 

9th  IF   V/Vref  = Z   AND   miL1/mref  = PM D = NM 

10th  IF   V/Vref  = Z   AND   miL1/mref  = PS D = NS 

11th  IF   V/Vref  = Z   AND   miL1/mref  = Z D = Z 

12th  IF   V/Vref  = Z   AND   miL1/mref  = NM D = PS 

13th  IF   V/Vref  = Z   AND   miL1/mref  = NM D = PM 

14th  IF   V/Vref  = Z   AND   miL1/mref  = NL D = PL 

15th  IF   V/Vref  = P   AND   miL1/mref  = PL D = NM 

16th  IF   V/Vref  = P   AND   miL1/mref  = PM D = PS 

17th  IF   V/Vref  = P   AND   miL1/mref  = PS D = Z 

18th  IF   V/Vref  = P   AND   miL1/mref  = Z  D = PS 

19th  IF   V/Vref  = P   AND   miL1/mref  = NS D = PM 

20th  IF   V/Vref  = P   AND   miL1/mref  = NM D = PL 

21st V/Vref  = P   AND   miL1/mref  = NL D = PL 

Vref  
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Vref  

 Vref 400V  

300V s s  Vin  20V  R  

 VO  

vC3  Vref  
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3s

 

 

Z V Vref 

Z V/Vref

[ , ], [ , ]  [ , ] ,

Z [ , ]

 Vref 400V  Vin  20V  R

 miL1/mref D

 

 

7 Z V/Vref [ , ] 

 

Z V/Vref [ , ] 
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Z V/Vref [ , ] 

Z V/Vref

Vin V, 25V 0V 2s, 8s 4s

 Vref V  R

10  

Z V/Vref Vin V, 25V 

0V 2s, 8s 4s  Vref  400V  R  

 Vin V  VO  vC3

 Vref V Z

[ , ] s

Z [ , ]

s  Z [ , ]

s  iL1, iL2  iL3 

A, A A s Vin 

V V  vC1, vC2 vC3 

 Vin  vC3  Vref V  iL1, iL2  iL3 

W  iL1 A s Vin

V V 
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 vC3 

V  iL1, iL2  iL3 W  iL1 A 

Z V/Vref 

 

 

Vin =20V Vin =25V Vin =20V

 

10

Z V/Vref 
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Z V/Vref 

 
Z V/Vref [-A, A] 

 

Rise Time  Settling Time  Overshoot 

 A     

 A     

 

 

Ddif  miL1/mFS2

3 Negative: N, Zero: Z Positive: P 

S2 2 

( FD2) 3 Negative Small: 

NS, Zero: Z Positive: P Ddif miL1/mFS2 FD2

 

1st  Ddif  = N   AND   miL1/mFS2 = N THEN   FD2 = Z 

2nd  Ddif  = N   AND   miL1/mFS2 = Z THEN    FD2 = NS 

3rd Ddif  = N   AND   miL1/mFS2 = P THEN    FD2 = Z 

4th  Ddif  = Z   AND   miL1/mFS2 = N THEN    FD2 = Z 

5th  Ddif  = Z   AND   miL1/mFS2 = Z THEN   FD2 = NS 
th  Ddif  = Z   AND   miL1/mF2 = P THEN   FD2 = Z 
th  Ddif  = P   AND   miL1/mFS2 = N THEN   FD2 = P 
th  Ddif  = P   AND   miL1/mFS2 = Z THEN   FD2 = Z 
th Ddif  = P   AND   miL1/mFS2 = P THEN   FD2 = P 

Z 

Ddif miL1/mFS2
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Ddif miL1/mFS2 FD2 

1

0

N Z P

0.120-0.12

N Z P

10-1

0

NS Z P
1

0
-0.1 1

.) .)

.)  

Ddif miL1/mFS2 FD2 
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Healthy mode Fault mode

Healthy mode Fault mode

0.001s
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S2

 VO  Vref V miL1

 D

 Positive: 

P) s ms 

s ms

ms Z 

Ddif miL1/mFS2  
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