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Abstract

The research presents the harmonic elimination using active power filter {APF) for balanced
three-phase power systems. The instantancous reactive power theory called PQ method is used for
harmonic detection. The compensating current injection control uses a hysteresis method. The
rescarch also presents the active power filter design using artificial intelligent techniques such as
genetic algorithm (GA} and adaptive tabu search (ATS). The simulation results show that harmonic
quantity of the source currents are reduced after compensation. Moreover, the %THD of these
currents follows the IEEE std. 519-1992. The PI controller is used for the dc bus voltage control of
active power filter cooperated with PQ harmonic detection method. In addition the comparison study
of hannonic detection methods such as the instantaneous reactive power theory (PQ), the d-q axis
(DQ), the synchronous detection (SD), and the d-q axis with Fourier (DQF) is shown in this research.
The performance of harmonic detections and the power factor value after compensation are
considered in the comparison. The simulation results show that the DQF method provides the best
performance of harmonic detection compared with other methods, However, the PQ and SD methods
can improve the system to achieve the unity power factor after compensation. The estpTM F2812
board is used to implement the harmonic detection set with PQ method. For testing, load currents are
measured from the real system, while the reference currents are calculated from {3stpTM F2812
board. Both currents are subtracted using an oscilloscope. The results show that the source currents
are nearly sinusoidal waveform after testing and %THD of these currents also follows the IEEE std.

519-1992.
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7.3 MaRsI98Ua15 RN EITNINT10TDT NI (Chen et al., 1994)
TuRBuMIAs19TUET U TNd035013R3 295 UFe TAT1Ta (synchronous  detection)
V335 SD fianun 4 Suaeudal
Fuii 1 auyAi Menasmsianszuararodiuaesnsasiideniiv nzue v
msdhunmate 7,0 ) dosegluannzauga dyaumsd (7-5) e (7-7)
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i =1 sin(wl +¢+120°) (7-7)
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' Vi
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A w0
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n=N,
. A,
(kT = %} (7-20)
P AO(,I
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nsgud 7, uay i, sl i lddnszoa i, uazi,, Tunnsevvesmsdnne Tay
grrmnsiudeyaluudazsovsenidu 7 Funf wdsnnfiswamminseue i, uazi,,,
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q ¢

L =Hg — (7-25)
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//===== headerfile for DSP eZdsp""' F2812 =====//

#include "DSP281x Deviceh" // DSP281x Headerfile Include File
#include "DSP281x_Examples.h" // DSP281x Examples Include File
#include "stdio.h"

#include "math.h"

/l=====define ADC parameters=====//
fidefine ADC_MODCLK 0x3 // HSPCLK = SYSCLKOUT/2*ADC_MODCLK2 =
1 150/(2*3) = 25MHz
#define ADC_CKPS 0x] 1 ADC module clock = HSPCLK/2*ADC_CKPS =
/I SMHz/(1*2) = 12.5MHz
#define ADC_SHCLK 0xf  # S/H width in ADC module periods = 16 ADC clocks

[/=—=== function name in use ===—=—=//
interrupt void cpu_timer0_isr(void);
void delay_loop(void);

void delay_loopTIME(void);

void Gpio_select(void);

void DACport(intl6 kkk.int Chan);

[/===== global variable for this program==—===//

int32 ade_O,adc_l,adc_2,adc_3.adc_4,adc_5.adc_6;

int16 dac,dac_1,dac_2,dac_3,dac_d;

int32 va,vb,ve,ila,ilb,il.c,v_al,v Ba,il _alil_Ba;

int32 pL,qL,Pav,Pdc,ic_all,ic_Bal,ic_al,ic_Ba,div,ica,ich,icc;
int Chan; '

i === main program 7
main()
{

// Step 1. Initialize System Control:

//PLL, WatchDog, enable Peripheral Clocks

// This example function is found in the DSP281x_SysCirl.c file.

InitSysCtrl();

/f Specific clock setting for this example:
EALLOW,
SysCtriRegs.HISPCP.all = ADC_MODCLK; //HSPCLK =
/I CLKOUT/ADC_MODCLK
EDIS;

// Step 2. Initialize GP1O:

// This example function is found in the DSP281x_Gpio.c file and

// illustrates how to set the GPIO to it's default state,

/f InitGpio(); // Skipped for this example

// For this example use the following configuration:
Gpio_select();

/Il Step 3. Clear all interrupts and initialize PIE vector table:



50:
Sl
S2:
53:
54
55:
56:
57:
58:
56:
60:
6l:
62;
63:
64:
65:
66:
67:
68:
69:
70:
71:
72
73:
74
75:
76:
o5
78:
79:
80:
81:
82:
83:
84
85:
86:
87:
38:
86:
90:
9t:
92:
93:
94
95:
96:
97:
98§:
99:
104:
101:
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{// Disable CPU interrupts
DINT;

// Initialize the PIE control registers to their default state,

// The default state is all PIE interrupts disabled and flags

// are cleared.

/! This function is found in the DSP281x_PieCtrl.c file.
InitPieCtrl();

/f Disable CPU interrupts and clear all CPU interrupt flags:
IER = 0x0000; '
IFR = (x0000;

/! Initialize the PIE vector table with pointers to the shell Interrupt

/! Service Routines (ISR).

/f This will populate the entire table, even if the interrupt

/1 is not used in this example. This is useful for debug purposes. -

/1 The shell ISR routines are found in DSP281x_Defaultlsr.c.

// This function is found in DSP281x_PieVect.c,
InitPieVectTable();

/! Interrupts that are used in this example are re-mapped to

/1 ISR functions found within this file.
EALLOW; // This is needed to write to EALLOW protected registers
PieVectTable. TINTO = &cpu_timer0_isr;
EDIS; // This is needed to disable write to EALLOW protected registers

// Step 4. Initialize all the Device Peripherals;

{/ This function s found in DSP281x_InitPeripherals.c

// InitPeripherals(); #/ Not required for this example
InitCpuTimers(); // For this example, only initialize the Cpu Timers
InitAdc(); // For this example, init the ADC

!/ Specific ADC setup for this example:
AdcRegs. ADCTRL1.bit. ACQ_PS = ADC SHCLK;
AdcRegs. ADCTRL3.bit. ADCCLKPS = ADC_CKPS;
AdcRegs ADCTRL1.bit.CPS=1;

// 16 ch simultanecus or all ch

AdcRegs ADCTRL3.bit. SMODE _SEL=0;
AdcRegs. ADCTRL1.bit. CONT_RUN=0;

AdcRegs. ADCTRLI1.bit.SEQ CASC=1;

AdcRegs. ADCTRL2.bit. INT_MOD_SEQI1=0;
AdcRegs ADCMAXCONV . bit MAX CONV 1=0xf;

AdcRegs. ADCCHSELSEQ! .bit. CONV00 = 0x0; 1A
AdcRegs. ADCCHSELSEQ1.bit. CONVOI = 0x1; /A1
AdcRegs. ADCCHSELSEQ!1 .bit. CONV02 = 0x2; /1A2
AdcRegs. ADCCHSELSEQ1.bit. CONV03 = 0x3; 11A3
/{AdcRegs ADCCHSELSEQ2.bit. CONV04 = Ox4; /A4
/IAdcRegs. ADCCHSELSEQ2.bit. CONV0S = 0x5; /A5

/IAdcRegs ADCCHSELSEQ2.bit. CONV06 = 0x6; /[AB



i02:
103:
104:
105:
106:
107:
108:
109:
110:
11}
112:
113:
114:
115:
il6:
117:
118:
119:
120:
1213
122:
123:
124:
125;
126:
127:
128:
129:
130:
131:
132:
133:
134:
135:
136:
137:
138:

139:

140:
141:
142:
143:
144:
145:
146:
147:
148:
149:
150:
151:
152:
153:

}
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/{AdcRegs. ADCCHSELSEQ2.bit. CONV(Q7 = 0x7; AT
AdcRegs ADCCHSELSEQ3.bit. CONVO08 = 0x3; B0
AdcRegs ADCCHSELSEQ3 . bit. CONV09 = 0x9; /iB1
AdcRegs. ADCCHSELSEQ3 bit. CONV 10 = 0x0A; B2

//AdcRegs. ADCCHSELSEQ3.bit. CONVI1 = 0x0B; B3

//AdcRegs. ADCCHSELSEQ4.bit. CONV12 = 0x0C; /B4

//AdcRegs. ADCCHSELSEQ4.bit. CONVI3 = 0x0D;  /BS5

//AdcRegs. ADCCHSELSEQ4.bit. CONV 14 = 0x0E; //B6

/AdcRegs. ADCCHSELSEQ4.bit. CONV 15 = 0x0F; /B7

// Step 5. User specific code:
Gpio_select();

/f Configure CPU-Timer 0 to interrupt every second:

// 106MHz CPU Freq, | second Period (in Seconds)
ConfigCpuTimer(&CpuTimer0, 150, 50);
StartCpuTimerG();

// Enable CPU INT1 which is connected to CPU-Timer (:
IER =M _INTY;

/! Enable TINTO in the PIE: Group 1 interrupt 7
PieCtrIRegs PIEIER1.bit. INTx7 = 1;

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

/! Step 6. IDLE loop. Just sit and loop forever (optional):
for(;;);

interrupt void cpu_timer0_isr(void)

{

GpioDataRegs. GPBDAT .bit. GPIOBY =1;

HT++;

/{ Acknowledge this interrupt o receive more interrupts from group |
PieCtrIRegs. PIEACK .all = PIEACK_GROUPI;

delay_loopTIME();
GpioDataRegs. GPBDAT.bit. GPIOB9  =(;

3

/! for ADC 1
AdcRegs. ADCST.bit.INT_SEQI_CLR = 1;
AdcRegs ADCTRL2.bit.SOC_SEQI1=1;

Hwhile (AdcRegs. ADCST.bIitINT_SEQI1==0) {} // Wait for interrupt
/l Software wait = (HISPCP*2) * (ADCCLKPS*2) * (CPS+1) cycles
fo=(3*2y(1*2) * (0+1) =12 cycles
Hasm{" RPT #11 || NOP"™);

1/ 1/




154
155:
156:
157;
158:
159:;
160:
161:
162:
163:
164:
165:
166:
167:
168:
169:
170:
171:
172:
173:
174:
175:
176:
177
178:
179:
180:
181:
182:
183:
184:
185:
186:
187:
188;
189:
190:
19]:
192:
193:
194;
195:
196:
197:
198:
199:
200:
201:
202:
203:
204:;
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adc 0=(AdcRegs. ADCRESULTS8>>4); // recieve data v, from ADCB0
va=((adc_0%62224)/4096)-31112;

adc_1=(AdcRegs. ADCRESULTY9>>4), // recieve data vy from ADCBI
vb=((adc_1%*62224)/4096)-31112;

adc_2=(AdcRegs. ADCRESULT10>>4), // recieve data vy, from ADCB2
ve=({adc 2¥62224)/4096)-31112;

adc_3=(AdcRegs. ADCRESULTO0>>4); // recieve data ir, from ADCAD
iLa=((adc_3%*3332)/546)-1666;

adc_4=(AdcRegs. ADCRESULTI1>>4); // recieve data iy from ADCAI
iLb=((adc_4%3332)/546)-1666;

adc_5=(AdcRegs. ADCRESULT2>>4); / recieve data iy, from ADCA2
iLe=((adec_5*3332)/546)-1666;
/

1/

[[m=======P(}) algorithm i

v_al=((8165%*va)-(4082*vb)-(4082%vc))/100000;
v_Ba=((vb*7071)-(ve*7071))/100000;
iL_al=((8165*iLa)-(4082*iLb)-(4082*iLc))/10000;
iL_Ba=((iLb*7071)-(iLc*7071))/10000;

{{----caleuiation pp and {7 in alpha & beta axis--—-//
pL=({v_al*iL_al)+({v_Ba*iL_Ba)),
gl=((v_al*iL_Ba)~(v_Ba%*iL_al})/1000;

/1---—-sending py to low pass filter-----//
dac_1=(pL*30)/1060000;
DACport(dac_1,1); //-> send data pL to DACT12 #1

/l-—-loading p; (de=fundamental) form low pass filter--—-//
adc_6=(AdcRegs. ADCRESULT3>>4); //€ load data p;(dc) from ADCA3
Pde=((adc_6%240000)/30);

//----calculation P (ac = harmonic) in alpha & beta axis-——-//
Pav=pL-Pdc;
Pav=Pav/1000;

//----calculation ref compensation current (i) in alpha & beta axis-—-—-//
ic_all=(v_al*Pav)-(v_Ba*qL);

ic_Bal=(v_Ba*Pav)+(v_al*qL);
div=({(v_al*v_al)+(v_Ba*v_Ba))/1000;

ic_al=ic_all/div;

ic_Ba=ic_Bal/div;



205:
206:
207:
208:
209:
210:
211
212:
213:
214
215:
216:
217:
218:
219:
220:
211
212
213:
214:
215:
216:;
217:
218:
219:
210;
21t
212:
213:
214:
215:
216:
217
218:
219:
220:
221;
222:
223;
224:
225;
226:
227:
228:
229:
230:
231
232:
233:
234:
235:
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//---calculation convert 7, from alpha & beta axis to 3-phase axis---.-//
ica=(8165%ic_al)/13000;

icb=((7071 *ic_Ba)-(4082*ic_al))/1 3000,

icc=((-7071 *ic_Ba)—(4082*ic__al))fl 3000;

/----sending i, to DACT12-——-//
dac_2=ica+1500;

DACport(dac_2,2); //send i, to DAC712 #2
dac_3=icb+1500;

DACport(dac_3,3); //send i.p to DAC712 #3
dac_4=icc+1500;

DACport(dac_4,4, // send i, to DAC712 #3

}
lf===m====== END PROGRAM PQ HARMONIC DETECTION mmmE =]
Vi function in use 1/

void Gpio_select(void)
{ Uintl6 varl;
Uint16 var2;

varl= (x0000; # sets GPIO Muxs as 1/0s
var2= OxFFFF; /1 sets GPIO DIR as outputs

EALLOW;

GpioMuxRegs.GPAMUX.a!l=varI;
GpioMuxRegs. GPBMUX all=varl;
GpioMuxRegs.GPADIR.alI=vaz‘2;
GpioMuxRegs.GPBDIR.aH=var2;

EDIS;
}
I/
void delay_loopTIME(viod) //5 us{55)
{ shorti;

for (i =0; i < 55; i++) {}
i
I
void DACport(int16 dac,int Chan) // for IC DAC 712/
{

if (Chan==1)

{
GpioDataRegs. GPBDAT.all=0x07ff;  /finitial
GpioDataRegs.GPADAT .all=dac; /fload data
GpioDataRegs.GPBDAT.aEl=0x07ff;
GpioDataRegs.GPBDAT.alI=Ox07fe; /f load input latch WR=]
delay_loop();
GpioDataRegs.GPBDAT.ali=Ox05fe; f# WR=0
delay_loop();
GpioDataRegs.GPBDAT.a1]=OxO7fe; ' WR=]
delay_loop();



236:
237
238
239
240
241
242:
243:
244
245:
256:
257
258:
259:
260:
261:
262:
263:
264:
265:;
266:
267:
268:
269:
270:
271:
272
273:
274:
275:
276:
277:
278:
279:
280:
281:
282:
283:
284:
285:
286:
287:
288:
289
290:

291

292:
293:
294:
20s:
296:
297:

}

GpioDataRegs. GPBDAT .all=0x071d;
delay loop();
GpioDataRegs. GPBDAT .all=0x051d,;
delay_loop();
GpioDataRegs. GPBDAT .all=0x07fd;
delay loop();

if (Chan==2)

{

}

GpioDataRegs.GPBDAT .all=0x07ff;
GpioDataRegs. GPADAT .all=dac;
GpicDataRegs. GPBDAT.ali=0x071T;
GpioDataRegs. GPBDAT.all=0x071b;
delay_loop();

GpioDataRegs. GPBDAT.all=0x051b;
delay_loop(});

GpioDataRegs. GPBDAT.all=0x071b;
delay_loop(});

GpioDataRegs. GPBDAT.all=0x07f7;
delay_loop();

GpioDataRegs GPBDAT.all=0x05{7,
delay_loop();

GpioDataRegs. GPBDAT.all=0x071{7,
delay_loop();

if (Chan==3)

{

}

GpioDataRegs.GPBDAT .all=0x071F;
GpioDataRegs. GPADAT .all=dac;
GpioDataRegs.GPBDAT .all=0x071f,
GpioDataRegs. GPBDAT .all=0x07ef;
delay_loop();
GpicDataRegs. GPBDAT .ali=0x05ef;
delay loop();
GpioDataRegs.GPBDAT .all=0x07ef;
delay loop(};
GpioDataRegs. GPBDAT .all=0x07df;
delay_loop(};
GpioDataRegs.GPBDAT .all=0x05df;
delay_loop(};
GpioDataRegs.GPBDAT.all=0x074f;
delay loop(};

if (Chan==4)

{

GpioDataRegs.GPBDAT all=0x071t;
GpioDataRegs. GPADAT .all=dac;

GpioDataRegs.GPBDAT.all=0x071T;
GpioDataRegs. GPBDAT.all=0x07bf;

/fload D/A latch WR=]
1 WR=0

/I WR=1

/! initial
// load data

/f load input latch WR=1
H WR=0
/f WR=1]
// toad D/A latch WR=1
# WR=0

H WR=1

// initial
/f load data

// load input latch WR=1
/1 WR=0
i/ WR=]
/! load TM/A latch WR=1
/1 WR=0

i WR=1

/f initial
/f load data

/lload input latch WR=1

143
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298: delay_loop();

299: GpicDataRegs. GPBDAT all=0x05bf,  // WR=0
300: delay loop();

301: GpioDataRegs. GPBDAT all=0x07bf, # WR=
302: delay loop();

303: GpioDataRegs.GPBDAT.all=0x077f;  //load D/A latch WR=1
304: delay loop();

305: GpioDataRegs. GPBDAT all=0x057f;, 7/ WR=0
306: delay_loop();

307: GpioDataRegs. GPBDAT.all=0x077f;  // WR=1
308: delay_loop();

309: }

310: }

3t A

313:  void delay loop(void);
314 { shorti;

315: for(i=0;1<1;i++) {}
316}
317 M
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