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19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

//EDIT Copyright 2000-2008 The MathWorks, Inc //

#include "target.h"

#include <stdio.h>

#include <rtdx.h>

#include "math.h"

void rtdxsumdiff(float*in1, float*out1); /*function RTDX test*/

void fuzzy (float e);

//----- Global variable ---//

float din1[9];

float dout1[2];

float AONn[1666];

float Ts=0.00001,f=60;

int ts=6000,N=1666;

[/ Parameter of PSVD -—--//

14.double a[3]={1,-1.99733427181253,0.997337820139629},

15.double b[3]={8.87081773648379¢-07,1.77416354729676e-

06,8.87081773648379 e-07};

double a[3]={1,-1.9973,0.9973};

double b[3]={8.8708e-07,1.774e-06,8.8708e-07};

double x[3

double y[3

double x1[3];

double y1[3]

double x2[3];
[3]
[

)

)

]
]
double y2[3];
double x3[3];

double y3[3];

float w=376.9911;
float zeta_m,zeta_t;
float vFun_m,vFun_t;

floaty my t

float x_mx_t;
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33.
34.
35.
36.
37.
38.
39.
4a0.
a1.
4z.
43.
aq.
a45.
a6.
afi.
48.
49.
50.
51.
52.

53.

54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.

int point_ m=416, point_t=833;

float vma,vmb,pm,gm,pmdc,gmdc,vma,vmb,ima,imb,Am,vmma,vmmb;
float vta,vtb,pt,qt,ptdc,gtdc,vta,vtb,ita,itb,At,vtta,vttb;

/] Parameter of PQF Harmonic Detection with PSVD -----//
double p,g,pac,pdc,ireft,irefm,icm,ict;

double vsm,vst,ilm;ilt,vc;

float AO,AO00,pc,A;

int k=0,j=0,6=0,h=0,M;

[/ Parameter of Fuzzy Logic current control (error) -----//
float UM,UT,s,e,em=0,et=0,num,den;

int el=-2,e2=-1,e3=0,e4=1,e5=2;

int v1=-1700,v2=-850,v3=0,v4=850,v5=1700;

double mfel,mfe2,mfe3 mfed,mfes;

double mf1,mf2,mf3,mf4,mf5;

double V1,vV2,V3,v4,V5;

/] Parameter of PI DC bus voltage control----- //

float kpv=21760,kiv=1741325.88,evkp,evki,sev,ev=0;

int VDC=1700;

/*-- defines RTDX channels -*/

RTDX CreatelnputChannel (ichan1); /* Channel from which to receive filter

input */

RTDX_CreateOutputChannel(ochan1); /* Channel to output coefficient
updates*/

/¥ main */

void main()

{

TARGET _INITIALIZEQ); /* Target-specific initialization */
/* Enable channels */

RTDX_enablelnput (&ichanl);
RTDX_enableOutput(&ochanl);

while (1)

{

/* Read inputs from host */

RTDX_read( &ichanl, dinl, 9* sizeof(long) );

/* Call function RTDX Test */
rtdxsumdiff(dinl,dout?);
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67. /* Write outputs to host */

68.  while ( RTDX writing 1= NULL )

69. { /* wait for previous write to complete */
70. #if RTDX_POLLING IMPLEMENTATION

71. RTDX_Poll();

72. #endif

73. }

74. RTDX write( &ochan1, dout1,2* sizeof(long) );
75. }

76. }

77.  void fuzzy (float e)

78. {

79. //-—-- Fuzzification ----- //
80.  if (e<=e2)

81. {if (e<=e1)

82. {mfel=1;}

83. if (e>el && e<=e2)

84. {mfel=(e2-e)/(e2-e1);}}
85. else

86. {mfe1=0;}

87.  if(e>=el && e<=e3)
88. {if (e==e2)

89. {mfe2=1;}

90. if (e<e2 && e>=e1)

91. {mfe2=(e-e1)/(e2-e1);}
92. if (e>e2 && e<=e3)

93. {mfe2=(e3-e)/(e3-e2):}}
94. else

95. {mfe2=0;}

96. ifle>=e2 && e<=ed)
97. {if (e==€3)

98. {mfe3=1;}

99.  if (e<e3 && e>=e2)
100.  {mfe3=(e-e2)/(e3-e2);}
101.  if (e>e3 && e<=ed)
102.  {mfe3=(ed-e)/(ed-e3);}}



192

103.  else

104.  {mfe3=0;}

105.  if (e>=e3 && e<=e5)
106.  {if (e==ed)

107.  {mfed=1;}

108.  if (e<ed && e>=e3)
109. {mfed=(e-e3)/(ed-e3);}
110. if (e>ed && e<=eb)
111.  {mfed=(e5-e)/(e5-e4);}}
112, else

113, {mfed=0;}

114.  if (e>=ed)

115.  {if (e>=eb)

116.  {mfeb=1;}

117.  if (e<eb && e>=ed)
118.  {mfeb5=(e-ed)/(e5-e4);}}
119. else

120.  {mfe5=0;}

121. /) rule 1 —-//
122.  if (mfe1>0)

123. {mfl=mfel;

124.  V1=v1*mfel;}

125.  else
126.  {mf1=0;
127.  V1=0;}

128.  //-—-- rule 2 —-//
129.  iflmfe2>0)

130.  {mf2=mfe2;

131.  V2=v2*mfe2;}

132.  else
133, {mf2=0;
134. V2=0;}

135, //-—- rule 3 —-//
136. if (mfe3>0)

137.  {mf3=mfe3;

138.  V3=v3*mfe3;}
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139.  else
140.  {mf3=0;
141.  V3=0;}

142, //—- rule 4 —-//
143, iflmfed>0)

144. {mfd=mfed;

145,  Vd=v4*mfed;}

146. else
147.  {mf4=0;
148.  Vv4=0;}

149.  //--—-- rule 5 —-//
150.  iflmfe5>0)

151. {mf5=mfe5;

152.  V5=v5*mfeb;}

153. else
154. {mf5=0;
155.  V5=0;}

156.  //-—- Defuzzification ----- //

157. num=(V1+V2+V3+V4+V5);

158.  den=(mfl+mf2+mf3+mfd+mf5);
159. if (den==0)

160. {den=1e-12;}

161.  s=num/den;

162. '}

163.  /*----Host and Taget with RTDX comunication ---------------- */
164.  void rtdxsumdiff(float*in1,float*out1)

165. {

166.  vma=in1[0];
167.  vmb=in1[1];
168.  vta=inl1[2];
169.  vtb=in1[3
170. ilm=in1[4
171.  ilt=in1[5];
172.  icm=inl1[6];
173, ict=in1[7];

)

]
174.  wvc=in1[8];

I
J;
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175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.
207.
208.
209.
210.

/)= PSVD phase m —- //
x_m=Ts*point_m;
y_m=w*x_m;
point._m=point_m+1;
if(point_m>=N)
{point_m=0;}

zeta_m=y m+(1.5708);

vFun_m=sin(zeta_m);

ima=(sqrt(3/2))*(sin(zeta_m));
imb=(sqrt(3/2))*(-cos(zeta_m));
Am=1/((ima*ima)+(imb*imb));

pm=(vma*ima)+(vmb*imb);
gm=(vmb*ima)-(vma*imb);

x[0]=pm;

gmdc=y1[0];

vmma=Am*((omdc*ima)-(gmdc*imb));

vmmb=Am*((pmdc*imb)-(gmdc*ima));

[/ PSVD phase t -—-//
x_t=Ts*point_t;
y_t=w*x_t;
point_t=point_t+1;
if(point_t>=N)
{point_t=0;}

zeta_t=y t+(1.5708);
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211.
212.
213.
214.
215.
216.
217.
218.
219.
220.
221.
222.
223.
224.
225.
226.
227.
228.
229.
230.
231.
232.
233.
234.
235.
236.
237.
238.
239.
240.
241.
242.
243.
244,
245.
246.

vFun_t=sin(zeta_t);
ita=(sqrt(3/2))*(sin(zeta_t));
itb=(sqrt(3/2))*(-cos(zeta_t));
pt=(vta*ita)+(vtb*itb);
qt=(vtb*ita)—(vta*itb);
x2[0]=p

y2[0]=(b [O]*xZ[O]) + (b[11*x2[1]) + (b[2]*x2[2]) -

[0

[
x2[2]=x2[1];
x2[1]=x2[0];
y2[2]=y2[1];
y2[1]=y2[0];
ptdc=y2[0];

x3[0]=qt;

x3[2]=x3[1];
x3[1]=x3[0];
y3[2]=y3[1];
y3[1]=y3[0];

gtdc=y3[0];

At=1/((ita*ita)+(itb*itb));
vtta=At*((ptdc*ita)-(gtdc*itb));
vttb=At*((ptdc*itb)-(qtdc*ita));

/- Pl DC bus voltage control -----//
ev=VDC-vc;

evkp=ev*kpv;

y3[0
(2
(1
[

[
[

evki=evki+(ev*kiv¥Ts);

sev=evki+evkp;

1=(b[01*x3[0]) + (b[11*x3[1]) + (b[2]*x3[2]) -

(al11*y2[1]) - (a[2]*y2[2]);

(al11*y3[1]) - (a[2]*y3[2]);

[/ PQF Harmonic Detection with PSVD ---—-—-, //

iflg<=ts)
{M=0;
g=g+13}
iflg>ts)
{M=1;}

if (h<=N/4)
{

p=0;
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247. g=0;
248.  h=h+1;
249. '}

250. if (h>N/4)
251, {

252.  p=(vmma*ilm)+(vtta*ilt);
253, g=(-vtta*ilm)+(vmma*ilt);

254, }
255.  if(k>=0 && k<N)
256. {

257.  AOn[k]=(2/N)*p;
258.  AO=AO+AOn[k];
259.  pdc=A0/2;

260.  k=k+1;
261. 1}

262.  if(k>=N)
263.  {

264.  AOo=A0-AONn[j];
265.  AOn[j]=(2/N)*p;
266.  A0=A0o+A0N([j];
267.  pdc=A0/2;

268.  j=j+1;
269. '}

270.  if(j==N)
271, {j=0;}

272.  pdc=A0/2;

273.  pac=p-pdc;

274.  pc=pac-sev;

275.  A=((vmma*vmma)+(vtta*vtta));
276.  ireft=(((pc*vtta)+(g*vmma))/A)*M;
277, irefm=(((pc*vmma)-(g*vtta))/A)*M;
2718. /) Fuzzy Logic Current Control (error) --—-//
279. ems=irefm-icm;

280. et=ireft-ict;

281.  fuzzylem);

282.  UMs=s;
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283.  fuzzy(et);

284.  UT=s;

285.  /* Sending Output*/
286. outl[0]=UM;

287. outl[1]=UT;

288.  return;

289. '}
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//EDIT Copyright 2000-2008 The MathWorks, Inc //

N e T = T = T =N =,
L. AL DD = o

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

A e S e

#include "target.h"

#include <stdio.h>

#include <rtdx.h>

#include "math.h"

void rtdxsumdiff(float*ini, float*out1); /*function RTDX test*/
void fuzzy (float e, float er);

float din1[9];

float dout1[2];

float AOn[1666];

//----- Global variable ---//

float Ts=0.00001,f=60;

int ts=6000,N=1666;

[/ Parameter of PSVD ---- //

double a[3]={1,-1.99733427181253,0.997337820139629},
double b[3]={8.87081773648379¢-07,1.77416354729676e-
06,8.87081773648379  e-07};

double x[3];

double y[3];

double x1[3];

double y1[3];
double x2[3];
double y2[3];
double x3[3];
double y3[3];
float w=376.9911;

float zeta_m,zeta_t;

)

float vFun_m,vFun_t;

floaty my t

float x_m,x_t;

int point. m=416, point_t=833;
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30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
a1.
az.
a43.
a4,
a45.
aé.
ar.
48.
49.
50.

51.

52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.

float vma,vmb,pm,gm,pmdc,gmdc,vma,vmb,ima,imb,Am,vmma,vmmb;
float vta,vtb,pt,qt,ptdc,gtdc,vta,vtb,ita,itb,At,vtta,vttb;

//---- Parameter of PQF Harmonic Detection with PSVD ----- //
double p,g,pac,pdc,ireft,irefm,icm,ict;

double vsm,vst,ilm,ilt,vc;

float AO,AO00,pcC,A,;

int k=0,j=0,¢=0,n=0,M;

/- Parameter of Fuzzy Logic current control (error) -----, //
double UM,UT,s,e,em=0,et=0,num,den,er,eom,eot,erm,ert;
int el=-2,e2=-1,e3=0,ed=1,e5=2;

int erl=-1,er2=0,er3=1,

int v1=-1700,v2=-850,v3=0,v4=850,v5=1700;

double mfel,mfe2,mfe3 mfed,mfes;

double mferl,mfer2,mfer3;

double mf1,mf2,mf3,mf4,mf5 mfé6,mf7;

double V1,V2,V3,V4V5V6 VT,

/] Parameter of PI DC bus voltage control---—-- //

float kpv=21760,kiv=1741325.88,evkp,evki,sev,ev=0;

int VDC=1700;

/*-- defines RTDX channels -*/

RTDX_CreatelnputChannel (ichan1); /* Channel from which to receive filter

input */

RTDX_CreateOutputChannel(ochan1); /* Channel to output coefficient
updates*/

/* main */

void main()

{

TARGET _INITIALIZE(), /* Target-specific initialization */
/* Enable channels */

RTDX_enablelnput (&ichanl);
RTDX_enableOutput(&ochan1);

while (1)

{

/* Read inputs from host */

RTDX_read( &ichanl, dinl, 9* sizeof(long) )

/* Call function RTDX Test */
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64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

rtdxsumdiff(din1,dout1);

/* Write outputs to host */

while ( RTDX writing != NULL )

{ /* wait for previous write to complete */
#if RTDX_POLLING IMPLEMENTATION
RTDX_Poll();

#endif

}

RTDX_write( &ochanl, dout1,2* sizeof(long) );
}

}

void fuzzy (float e, float er)
{

/] Fuzzification --—- //

if (e<=e2)

{if (e<=el)

{mfel=1;}

if (e>el && e<=e2)
{mfel=(e2-e)/(e2-e1);}}
else

{mfel1=0;}

if (e>=el && e<=e3)
{if (e==e2)

{mfe2=1;}

if (e<e2 && e>=el)
{mfe2=(e-el1)/(e2-el);}
if (e>e2 && e<=e3)
{mfe2=(e3-e)/(e3-e2);}}
else

{mfe2=0;}

ifle>=e2 && e<=ed)

{if (e==€3)

{mfe3=1;}

if (e<e3 && e>=e2)
{mfe3=(e-e2)/(e3-e2);}
if (e>e3 && e<=ed)
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100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.

{mfe3=(ed-e)/(ed-e3);}}
else

{mfe3=0;}

if (e>=e3 && e<=eb)
{if (e==e4)

{mfed=1;}

if (e<ed && e>=e3)
{mfed=(e-e3)/(ed-e3);}
if (e>ed && e<=e5)
{mfed=(e5-e)/(e5-ed);}}
else

{mfed=0;}

if (e>=ed)

{if (e>=e5)

{mfe5=1;}

if (e<eb && e>=ed)
{mfe5=(e-ed)/(e5-e4);}}
else

{mfe5=0;}

if (er<=er2)

{

if (er<=er1)

{mfer1=1;}

else if (er>erl && er<=er2)

{mfer1=((-er)/(er2-er1));}
}

else

{mfer1=0;}

if (er>=erl && er<=er3)
{if (er==er2)

{mfer2=1;}

else if (er<er2 && er>=erl)
{mfer2=(er-er1)/(er2-erl);}
else if (er>er2 && er<=er3)
{mfer2=(er3-er)/(er3-er2);}

}
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137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.

else

{mfer2=0;}

if (er>=er2)

{if (er>=er3)
{mfer3=1;}

else if (er<er3 && er>=er2)
{mfer3=(er)/er3-er2);}
}

else

{mfer3=0;}

[/ rule 1 —-//

if (mfe1>0)
{mfl=mfel,;
Vi=v1*mfel;}

else

{mf1=0;

V1=0;}

if(mfe2>0)
{mf2=mfe2;
V2=v2*mfe2;}
else

{mf2=0;

V2=0;}

//-—-- rule 3 -5 —-//
if (mfe3>0)

{

if (mfer1>0)
{iftmfer1>mfe3)
{mf3=mfe3;}
if(mfer1<mfe3)
{mf3=mferl;}
else
{mf3=mfe3;}
V3=va4*mf3;}

else
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173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.
207.

{mf3=0;

V3=0;}

if (mfer2>0)
{iflmfer2>mfe3)
{mf6=mfe3;}
iflmfer2<mfe3)
{mf6=mfer2;}
else
{mfé=mfe3;}
V6=v3*mf6;}
else

{mf6=0;

V6=0;}

if (mfer3>0)
{iftmfer3>mfe3)
{mf7=mfe3;}
if(mfer3<mfe3)
{mf7=mfer3;}
else
{mf7=mfe3;}
VT7=v2*mfT7;}
else

{mf7=0;

V7=0;}

//——-rule 6 —//
iflmfed>0)
{mfd=mfed;
Va=va4*mfed;}

else

{mfd=0;

Va=0;}

if(mfe5>0)
{mf5=mfeb5;
V5=v5*mfeb;}
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206

208. else
209.  {mf5=0;
210.  V5=0;}

211, num=(V1+V2+V3+Va4+V5+V6+V7);

212.  den=(Mmfl+mf2+mf3+mfd+mf5+mf6+mf7);
213.  if (den==0)

214.  {den=1e-12;}

215,  s=num/den;}

216.  /*----Host and Taget with RTDX comunication ------------—-- */
217.  void rtdxsumdiffifloat*in1,float*out1)
218. {

219.  vma=in1[0];
220.  vmb=in1[1];
221. vta=inl[2];
222.  vtb=in1[3
223.  ilm=inl[4
224, ilt=in1[5];
225.  icm=in1[6];

226. ict=in1[7];

227.  vc=inl1[8];

228.  //----—- PSVD phase m --—--//
229.  x_m=Ts*point_m;

I
:|1

)

230.  y_m=w*x_m;

231.  point_m=point_m+1;

232, if(point_m>=N)

233, {point_m=0;}

234.  zeta_m=y_m+(1.5708);

235, vFun_m=sin(zeta_m);

236.  ima=(sqrt(3/2))*(sin(zeta_m));
237.  imb=(sqrt(3/2))*(-cos(zeta_m));
238.  Am=1/((ima*ima)+(imb*imb));
239.  pm=(vma*ima)+(vmb*imb);
240.  gm=(vmb*ima)-(vma*imb);
241.  Xx[0]=pm;

242, y[0]=(b[0O]*x[0]) + (b[11*x[1]) + (b[2]*x[2]) - (a[1]*y[1]) - (a[2]*y[2]);
243, x[2]=x[1];



244,
245.
246.
247.
248.
249.
250.
251.
252.
253.
254,
255.
256.
257.
258.
259.
260.
261.
262.
263.
264.
265.
266.
267.
268.
269.
270.
271.
272.
273.
274.
275.
276.
277.
278.
279.

x[1]=x[0];
y[2]=y[1];
y[11=y[0];

pmdc=y[0];

x1[0]=gm;

01=(b[01*x1[0]) + (b[11*x1[1]) + (b[2*x1[2]) - (a[11*y1[1]) - (al2]*y1[2]);

><1] x1[1

yil

[ [1];
x1[1]=x1[0];
yl[2]=y1[1];
y1[1]=y1[0];

gmdc=y1[0];

)

vmma=Am*((pmdc*ima)-(gmdc*imb));
vmmb=Am*((pmdc*imb)-(gmdc*ima));
/] PSVD phase t -----//
x_t=Ts*point_t;

y t=w*x_t;

point_t=point_t+1;

if(point_t>=N)

{point_t=0;}

zeta_t=y t+(1.5708);
vFun_t=sin(zeta_t);
ita=(sqrt(3/2))*(sin(zeta_t));
itb=(sqrt(3/2))*(-cos(zeta_t));
pt=(vta*ita)+(vtb*itb);
gt=(vtb*ita)-(vta*itb);

l=pt;

y2[0]=(b[0]*x2[0]) + (b[1]*x2[1]) + (b[2]*x2[2]) - (a[1]*y2[1]) - (a[2]*y2[2]);

x2[0

[
x2[2]=x2[1];
x2[1]=x2[0];
y2[2]=y2[1];
y2[1]=y2[0];
ptdc=y2[0];

x3[0]=qt;

01=(b[0]*x3[0]) + (b[1]*x3[1]) + (b[2]*x3[2]) - (a[1]*y3[1]) - (a[2]*y3[2]);

y3l
x3[2]=x3[1];
x3[1]=x3[0];
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280.
281.
282.
283.
284.
285.
286.
287.
288.
289.
290.
291.
292.
293.
294.
295.
296.
297.
298.
299.
300.
301.
302.
303.
304.
305.
306.
307.
308.
309.
310.
311.
312.
313.
314.
315.

y3[2]=y3[1];

y3[11=y3[0];

qtdc=y3[0];
At=1/((ita*ita)+(itb*itb));
vtta=At*((ptdc*ita)-(qtdc*itb));
vttb=At*((ptdc*itb)-(qtdc*ita));
//-—- P DC bus voltage control --——--//
ev=VDC-vc;

evkp=ev*kpv;
evki=evki+(ev*kiv¥Ts);
sev=evki+evkp;

/[ PQF Harmonic Detection with PSVD ----- //
iflg<=ts)

{M=0;

g=g+13}

if(g>ts)

{M=1;}

if (h<=N/4)

{

p=0;

a=0;

h=h+1;

}

if (h>N/4)

{

p=(vmma*ilm)+(vtta*ilt);
g=(-vtta*ilm)+(vmma*ilt),

}

if(k>=0 && k<N)

{

AON[K]=(2/N)*p;
AO0=A0+AON[K];

pdc=A0/2;

k=k+1;

}

if(k>=N)

208



316.
317.
318.
319.
320.
321.
322.
323.
324.
325.
326.
327.
328.
329.
330.
331.
332.
333.
334.
335.
336.
337.
338.
339.
340.
341.
342.
343.
344,
345.
346.

{
A00=A0-A0N(j];
AON[j]1=(2/N)*p;
A0=AO00+AON[j];
pdc=A0/2;
=i+

}

if(j==N)

{j=0}
pdc=A0/2;
pac=p-pdc;
pc=pac-sev;

A=((vmma*vmma)+(vtta*vtta));
ireft=(((pc*vtta)+(g*vmma))/A*M;
irefm=(((pc*vmma)-(g*vtta))/A)*M;

/- Fuzzy Logic Current Control (error and error rate) ----— //

ems=irefm-icm;
erm=(em-eom)/Ts;
eom=em;
fuzzy(em,erm);
UM=s;

et=ireft-ict;
ert=(et-eot)/Ts;
eot=et;
fuzzy(et,ert);

UT=s;

/* Sending Output®/
out1[0]=UM;
outl1[1]=UT;
return;

}
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nszuAYREAIRRInIUANHUTaadNNSAIlEBuNA error waz sum error

//EDIT Copyright 2000-2008 The MathWorks, Inc //

A e S e

T e T = T =N N
L. AL DD = O

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

#include "target.h"

#include <stdio.h>

#include <rtdx.h>

#include "math.h"

void rtdxsumdiff(float*ini, float*out1); /*function RTDX test*/
void fuzzy(float e,float se);

float din1[9];

float dout1[2];

float AOn[1666];

//----- Global variable ---//

float Ts=0.00001,f=60;

int ts=6000,N=1666;

[/ Parameter of PSVD ----- //

double a[3]={1,-1.99733427181253,0.997337820139629},
double b[3]={8.87081773648379¢-07,1.77416354729676e-
06,8.87081773648379  e-07};

double x[3];

double y[3];

double x1[3];

double y1[3];
double x2[3];
double y2[3];
double x3[3];
double y3[3];
float w=376.9911;

float zeta_m,zeta_t;

)

float vFun_m,vFun_t;

floaty my t

float x_m,x_t;

int point. m=416, point_t=833;



30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
a1.
az.
43.
a4,
45.
aé.
ar.
48.
a9.
50.
51.
52.

53.

54.
55.
56.
57.
58.
59.
60.
61.
62.
63.

float vma,vmb,pm,gm,pmdc,gmdc,vma,vmb,ima,imb,Am,vmma,vmmb;
float vta,vtb,pt,qt,ptdc,gtdc,vta,vtb,ita,itb,At,vtta,vttb;

//---- Parameter of PQF Harmonic Detection with PSVD ----- //
double p,g,pac,pdc,ireft,irefm,icm,ict;

double vsm,vst,ilm;ilt,vc;

float AO,AO00,pcC,A,

int k=0,j=0,¢=0,n=0,M;

/- Parameter of Fuzzy Logic current control (error) ----- //
float UM,UT,s,e,em=0,et=0,num,den,se,eom,eot;

int el=-2,e2=-1,e3=0,ed=1,e5=2;

int sel=-1,5e2=0,se3=1;

int v1=-1700,v2=-850,v3=0,v4=850,v5=1700;

double mfel,mfe2,mfe3 mfed,mfes;

double mfsel,mfse2,mfse3;

double mfl,mf2,mf3,mf4,mf5 mf6,mf7;

double V1,V2V3,V4d\V5V6VT,

/] Parameter of PI DC bus voltage control----- //

float kpv=21760,kiv=1741325.88,evkp,evki,sev,ev=0;

int VDC=1700;

[/ Parameter of Zero Crossing Detection----- //

float sem,set,vsm_old,vst_old,zm,zt;

/*-- defines RTDX channels -*/

RTDX_CreatelnputChannel (ichan1); /* Channel from which to receive filter

input */

RTDX_CreateOutputChannel(ochan1); /* Channel to output coefficient
updates*/

/* main */

void main()

{

TARGET _INITIALIZEQ); /* Target-specific initialization */
/* Enable channels */

RTDX_enablelnput (&ichanl);
RTDX_enableOutput(&ochan1);

while (1)

{

/* Read inputs from host */

214



64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74,
75.
76.
77.
78,
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94,
95.
96.
97.
98.
99.

RTDX_read( &ichanl, dinl, 9* sizeof(long) );
/* Call function RTDX Test */
rtdxsumdiffidinl,doutl);

/* Write outputs to host */

while ( RTDX writing != NULL )

{ /* wait for previous write to complete */
#if RTDX_POLLING_IMPLEMENTATION
RTDX_Poll();

#endif

}

RTDX_write( &ochanl, doutl,2* sizeof(long) );
}

}

void fuzzy (float e,float se)

//---- Fuzzification ---— //
if (e<=e2)

{if (e<=e1)

{mfel=1;}

if (e>el && e<=e2)
{mfel=(e2-e)/(e2-e1);}}
else

{mfel1=0;}

if (e>=el && e<=e3)
{if (e==e2)

{mfe2=1;}

if (e<e2 && e>=el)
{mfe2=(e-e1)/(e2-e1);}
if (e>e2 && e<=e3)
{mfe2=(e3-e)/(e3-e2);}}
else

{mfe2=0;}

ifle>=e2 && e<=ed)

{if (e==€3)

{mfe3=1;}

if (e<e3 && e>=e2)
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100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.

{mfe3=(e-e2)/(e3-e2);}

if (e>e3 && e<=ed)
{mfe3=(ed-e)/(ed-e3);}}
else

{mfe3=0;}

if (e>=e3 && e<=eb)

{if (e==ed)

{mfed=1;}

if (e<ed && e>=e3)
{mfed=(e-e3)/(ed-e3);}

if (e>ed && e<=eb)
{mfed=(e5-e)/(e5-e4);}}
else

{mfed=0;}

if (e>=ed)

{if (e>=eb)

{mfe5=1;}

if (e<e5 && e>=ed)
{mfe5=(e-ed)/(e5-e4);}}
else

{mfe5=0;}

if (se<=se2)

{

if (se<=sel)

{mfsel=1;}

else if (se>sel && se<=se2)
{ mfsel=((se2-se)/(se2-sel));}
}

else

{mfsel1=0;}

if (se>=sel && se<=se3)
{if (se==se2)

{mfse2=1;}

else if (se<se2 && se>=sel)
{mfse2=(se-sel)/(se2-sel);}

else if (se>se2 && se<=se3)
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136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.

{mfse2=(se3-se)/(se3-se2);}
}

else

{mfse2=0;}

if (se>=se2)

{

if (se>=se3)

{mfse3=1:}

else if (se<se3 && se>=se2)
{mfse3=(se-se2)/(se3-se2);}
}

else

{mfse3=0;}

/] rule 1 -—-//

if (mfe1>0)

{mfl=mfel;

Vi=v1*mfel;}

else

{mf1=0;

V1=0;}

/] rule 2 -—-//
if(mfe2>0)

{mf2=mfe2;

V2=v2*mfe2;}

else

{mf2=0;

V2=0;}

if (mfe3>0)

{

if (mfse1>0)
{iftmfse1>mfe3)
{mf3=mfe3;
V3=v2*mf3;}
if(mfsel<mfe3)

{mf3=mfsel;
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173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.
207.

V3=v2*mf3;}
else
{mf3=mfe3,;
V3=v2*mf3;}

}

else

{mf3=0;

V3=0;}

if (mfse2>0)
{iftmfse2>mfe3)
{mf6=mfe3,;
V6=v3*mf6;}
iflmfse2<mfe3)
{mfé=mfse2;
V6=v3*mf6;}
else
{mf6=mfe3,;
V6=v3*mf6;}

}

else

{mf6=0;

V6=0;}

if (mfse3>0)
{iftmfse3>mfe3)
{mf7=mfe3;
V7=va4*mfT7;}
if(mfse3<mfe3)
{mf7=mfse3;
V7=v4*mfT7:}
else
{mf7=mfe3,;
V7=v4*mf7;}

}

else

{mf7=0;

V7=0;}
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208. '}

209.  //-—- rule 6 ——-//
210.  iflmfed>0)

211. {mfd=mfed;

212.  Vd=v4*mfed;}

213.  else
214.  {mfd=0;
215, V4=0;}

216.  //-—-- rule 7 -——-//
217.  iflmfe5>0)

218.  {mf5=mfeb;

219.  V5=v5*mfe5;}

220. else
221.  {mf5=0;
222.  V5=0;}

223, num=(V1+V2+V3+Va4+V5+V6+V7);

224.  den=(Mmfl+mf2+mf3+mfd+mf5+mf6+mf7);
225.  if (den==0)

226. {den=1e-12;}

227. s=num/den;}

228.  /*-----Host and Taget with RTDX comunication ---------------- */
229.  void rtdxsumdiff(float*in1,float*out1)
230.  {

231.  vma=in1[0];
232.  vmb=in1[1];
233,  vta=inl[2];
234.  vtb=in1[3];
235, ilm=in1[4];

236. ilt=in1[5];
237.  icm=inl[6];
238. ict=in1[7];

239.  vc=in1[8];

240.  //-—- PSVD phase m --—--//
241.  x_m=Ts*point_m;

242. y m=w*x_m;

243, point_m=point_m+1;



244,
245.
246.
247.
248.
249.
250.
251.
252.
253.
254,
255.
256.
257.
258.
259.
260.
261.
262.
263.
264.
265.
266.
267.
268.
269.
270.
271.
272.
273.
274.
275.
276.
277.
278.
279.

if(point_m>=N)

{point_m=0;}

zeta_m=y m+(1.5708);
vFun_m=sin(zeta_m);
ima=(sqrt(3/2))*(sin(zeta_m));
imb=(sqrt(3/2))*(-cos(zeta_m))
Am=1/((ima*ima)+(imb*imb));
pm=(vma*ima)+(vmb*imb);
gm=(vmb*ima)-(vma*imb);

x[0]=pm;

J=x1[1];
1=x1[0];

x1

)

y1[0
[2
x1[1
y1[2l=y1[1];

y1[1]=y1[0];

gmdc=y1[0];
vmma=Am*((pmdc*ima)-(gmdc*imb));
vmmb=Am*((pmdc*imb)-(gmdc*ima));
/] PSVD phase t --—//
X_t=Ts*point_t;

y t=w*x_t;

point_t=point_t+1;

if(point_t>=N)

{point_t=0;}

zeta_t=y t+(1.5708);
vFun_t=sin(zeta t);
ita=(sqrt(3/2))*(sin(zeta_t));
itb=(sqrt(3/2))*(-cos(zeta_t));
pt=(vta*ita)+(vtb*itb);

=(b[0]*x[0]) + (b[11*X[1]) + (b[2]*X[2]) -

1=(b[01*x1[0]) + (b[1]*x1[1]) + (b[2]*x1

a1ty

[2]) -

(al1]*y1

[1]) - (@[2]*y[2]);

[1D) - (a[2]*y1[2]);

220



280.
281.
282.
283.
284.
285.
286.
287.
288.
289.
290.
291.
292.
293.
294.
295.
296.
297.
298.
299.
300.
301.
302.
303.
304.
305.
306.
307.
308.
309.
310.
311.
312.
313.
314.
315.

qtz(vtb*ita)—(vta*itb);
x2[0]=p

y2[0]=(b [O]*xZ[O]) + (b[11*x2[1]) + (b[2]*x2[2]) -

[0

[
x2[2]=x2[1];
x2[1]1=x2[0];
y2[2]=y2[1];
y2[1]=y2[0];
ptdc=y2[0];

x3[0]=qt;

15;
:|’
¥

)

x3[1]=x3[0
y3[2]=y3[1
y3[1]=y3[0];

qtdc=y3[0];

At=1/((ita*ita)+(itb*itb));
vtta=At*((ptdc*ita)-(gtdc*itb));
vttb=At*((ptdc*itb)-(gtdc*ita));

[/ Pl DC bus voltage control ---—--//
ev=VDC-vc;

evkp=ev*kpv;

y3[

x3[2]=x3[
[11=x3[
[

[
[

evkizevki+(ev*kiv¥Ts);

sev=evkit+evkp;

0]=(b[0T*x3[0]) + (b[1]*x3[1]) + (b[2]*x3[2]) -

(al11*y2[1]) - (a[2]*y2[2]);

(al11*y3[1]) - (a[2]*y3[2]);

//--=—- PQF Harmonic Detection with PSVD ---—--, //

iflg<=ts)
{M=0;
g=g+13}
if(g>ts)
{M=1;}

if (h<=N/4)
{

p=0;

g=0;
h=h+1;

}

if (h>N/4)
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316. {
317.  p=(vmma*ilm)+(vtta*ilt);
318.  g=(-vtta*ilm)+(vmma*ilt);

319. '}
320. iflk>=0 && k<N)
321, |

322.  AOn[k]=(2/N)*p;
323.  AO=A0+AOn[K];
324. pdc=A0/2;

325, k=k+1;
326. '}

327.  iftk>=N)
328. |

329.  AOo=A0-AON[j];
330.  AOn[j]=(2/N)*p;
331, AO=A0o+AON[j];
332.  pdc=A0/2;

333, j=j+l;
334, }

335.  if(j==N)
336.  {j=0;}

337.  pdc=A0/2;

338. pac=p-pdc;

339. pc=pac-sev;

340.  A=((vmma*vmma)+(vtta*vtta));

341, ireft=(((pc*vtta)+(g*vmma))/A)*M;

342.  irefm=(((pc*vmma)-(g*vtta))/A)*M;

343,  //--- Fuzzy Logic Current Control (error and sum error) -----//
344.  if (vsm*vsm_old < 0)

345.  {zm=1;}

346. else

347.  {zm=0;}

348. if (vst*vst_old < 0)
349.  {zt=1;}

350. else

351.  {zt=0;}
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ifzm==1)
{sem=0;}

else
{sem=sem+em;}
if(zt==1)
{set=0;}

else
{set=set+et;}
vsm_old=vsm;
vst_old=vst;
ems=irefm-icm;
et=ireft-ict;
fuzzy(em,sem);
UMs=s;
fuzzy(et,set);
UT=s;

/* Sending Output®/
out1[0]=UM,;
outl[1]=UT ;
return;

}
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TAATUIUNTUNIBIFN1TAIUANL9TTNTBINMG BN NI UUTUIUN Tl I seUUAIUAY

nszuaYnEAlefInIuANiedaadnnsallddunn error uaz sum error

//HAHHARHAHHH A A R AR A
//¥*¥* FUZZY CURRENT CONTROLLER (ERROR AND SUM ERROR) ***
[/HHHBHAH ARG H A ARG R R A R R H AR
//Device Headerfile and Examples Include File

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

#include "DSP2833x_Examples.h"

#include <stdio.h>

#include <stdlib.h>

#include "math.h"

#include "IQmathLib.h"

// ADC start parameters

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

#define ADC_MODCLK 0x3 // HSPCLK = SYSCLKOUT/2*ADC_MODCLK2 =

150/(2*3) = 25.0 MHz

#endif

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

25.0 MHz

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

void delay loop(void);

void Gpio_select(void);

void DACport(int16 var,int Chan);

void CalProgram(void);

void Plcontroller V(int32 ErVdc),

void SWFA_P(float Ptotal);

void Fuzzy(float e,float er);

// Global variable //

intl6 var;

int32 M, T,C,D,Bwo=4800;

int32 adc_1,adc_2,adc_3,adc_4,adc_5,adc_6,adc_7;

int32 iLm,iLt,Vpcc_m,Vpcc t,Vdc,iCm,iCt,iCt_ref,iCm_ref;

int16 N=500;

// Parameter of PQC Detection

int32 P,Q,PAC,A,Ptotall;
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int16 k=0,j=0;

int32 And=0,A0d=0;

int32 Ad[500];

// Parameter of PI Controller in Voltage Loop

int32 Vref=60,Ki V=1390, Kp_V=1250;

int32 Ervdc,Pdc,Uk=0,Ui_old=0,Ui_new,ui;

// Parameter of Fuzzy Controller //

intl6 el=-14,e2=-7,e3=0,e4=7,e5=14;

intl6 sel=-7,5e2=0,5e3=7,

int16 v1=-60,v2=-30,v3=0,v4=30,v5=60;

int32 mfel,mfe2,mfe3 mfed mfeb;

int32 mferl,mfse2,mfse3;

int32 mfl,mf2,mf3,mfd,mfd,mf5mf6,mf7;

int32 num,den,ulm,ult;

int32 VV1 V2 V3 V4 \5V6NT,

int32 s,e,em,et,Vpcc_mo,Vpcc_to,eto,sem,set;

void main(void)

{

InitSysCtrl();

EALLOW,;

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

EDIS;

Gpio_select();

DINT;

InitPieCtrl();

IER = 0x0000;

IFR = 0x0000;

InitPieVectTable();

InitAdc(); // For this example, init the ADC
AdcRegs. ADCTRL1.bit. ACQ PS = ADC_SHCLK;
AdcRegs. ADCTRL1.bit.SEQ CASC = 1, // 1 Cascaded mode
AdcRegs. ADCTRL1.bit. CONT_RUN = 1; // Setup continuous run
AdcRegs. ADCTRL1.bit.SEQ_OVRD = 1; // Enable Sequencer override
feature

AdcRegs. ADCTRL2.all = 0x2000;
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AdcRegs. ADCTRL3.bit. ADCCLKPS = ADC_CKPS;
AdcRegs. ADCMAXCONV.bit. MAX_CONV1=0xf;

AdcRegs. ADCCHSELSEQ1.bit. CONV0O

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

AdcRegs. ADCCHSELSEQ1.bit. CONV02
AdcRegs. ADCCHSELSEQ1.bit. CONVO03
AdcRegs. ADCCHSELSEQ2.bit. CONV04

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

AdcRegs. ADCCHSELSEQ2.bit. CONVO06
AdcRegs. ADCCHSELSEQ2.bit. CONVO7
AdcRegs. ADCCHSELSEQ3.bit. CONVO08
AdcRegs. ADCCHSELSEQ3.bit. CONV09
AdcRegs. ADCCHSELSEQ3.bit. CONV10

AdcRegs. ADCCHSELSEQ3.bit.CONV11 = 0x0B;  //B3

AdcRegs. ADCCHSELSEQ4.bit. CONV12
AdcRegs. ADCCHSELSEQ4.bit. CONV13
AdcRegs. ADCCHSELSEQ4.bit. CONV14

= 0x0; //A0
=0x2; //A2
= 0x3; //A3
= Oxd; //A4
= 0x6; //A6
=0x7; /J/A7
=0x8; //BO
=0x9; //Bl
= Ox0A; //B2
= 0x0C;, //B4
= 0x0D; //B5
= OxOE; //B6

AdcRegs. ADCCHSELSEQ4.bit. CONV15 = Ox0F;  //B7
AdcRegs. ADCST.bit.INT_SEQ1 CLR = 1;

PieCtrlRegs.PIEIERL.bIt.INTX7 = 1;

EINT; // Enable Global interrupt INTM
ERTM; // Enable Global realtime interrupt DBGM

for(;;)

{CalProgram();}

}

void Gpio_select(void)

{

EALLOW;

GpioCtrlRegs.GPAMUX1.all = 0x0000;
GpioCtrlRegs.GPBMUX1.all = 0x0000;
GpioCtrlRegs.GPCMUX1.all = 0x0000;
GpioCtrlRegs.GPADIR.all = OXFFFF;
GpioCtrlRegs.GPBDIR.all = OxFFFF;
GpioCtrlRegs.GPCDIR.all = OXFFFF;
EDIS;

}

// GPIO functionality GPIO32-GPIO47
// GPIO functionality GPIO64-GPIO79

// GPIO32-GPIO4T are output
// GPIO64-GPIO79 are output



98.
99.
100.

101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.

void CalProgram(void)

{
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GpioDataRegs.GPADAT.bit.GPIO12 = ~GpioDataRegs.GPADAT.bit.GPIO12; //One

Cycle Calculation

/1/1111/1111// Recieve iL ////1////1//

adc_1 = (AdcRegs.ADCRESULT1>>4); //iLm
adc_2 = (AdcRegs. ADCRESULT2>>4); //iLt
/1/1111/1111// Recieve iC///11/11111/

adc_3 = (AdcRegs.ADCRESULT3>>4); //iCm
adc_4 = (AdcRegs. ADCRESULTA>>4);, //iCt
//111/111/1/// Recieve \pcc /17111711117

adc_5 = (AdcRegs. ADCRESULT9>>4); //Vpcc,m
adc_6 = (AdcRegs. ADCRESULT10>>4); //Vpcc,t
//111/111//1// Recieve Ndc //////1///1/1/

adc_7 = (AdcRegs. ADCRESULT11>>4); //Vdc
//1117111/11// Set value of ADC//////1/1/1/

iLm = (adc_1-2048);

iLt = (adc_2-2048);

iCm = (adc_3-2048);

iCt = (adc_4-2048);

Vpcc_m =(adc_5-2048);

Vpcc_t =(adc_6-2048);

Vdc = ((adc_7*710)/10000);

ErVdc=Vref-Vdc;
Plcontroller_V(Ervdo);

////117/////// Active Power Calculation ////////////
P=((Vpcc_m*iLm)+(Vpcc_t¥iLt);
Q=((-1*Vpcc_t*¥iLm)+(Vpcc_m*iLt));

/1111111177111 SWFA Filter ////////////

SWFA_P(P);

//1111111/1//// Reference Current Calculation ////////////
PAC=P-Ptotal1-(1171*Pdc);
A=((Vpcc_m*Vpcc_m)+(Vpcc_t*Vpcc t);



133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.

230

iCt_ref=((PAC*Vpcc_t)+(Q*Vpcc_m)V/A;
iCm_ref=((PAC*Vpcc_m)-(Q*Vpcc H/A;

em=iCm_ref-(iCm);
et=iCt_ref-(iCt);

sem=sem+em;
set=set+et;

if (Vpcc_m*Vpcc_mold < 0)
{sem=0;}

if (Vpcc_t*Vpcc told < 0)
{set=0;}
Vpcc_mold=Vpcc_m;

Vpcc_told=Vpcc t;

Fuzzy(em,sem);
ulm=V;
Fuzzy(et,set);
ult=Vv;

// 1V = 3200

// Triangle offset maximum is 3.2 V = 10450
// limit DAC 5V = 16000

M=ulm*(4000/60);

T=ult*(4000/60);

DACport(M+Bwo, 1);

DACport(T+Bwo,2);

void Plcontroller_W(int32 ErvVdc)
{

Uk=Kp_V*ErvVdc;
ui=(Ki_V*ErvVdc)/25000;

Ui _new=ui+ Ui_old;

Pdc=(Uk+ Ui_new)/1000;//Pdc
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169. Ui old =Ui new;
170.  if (Pdc<-100) {Pdc=-100;}
171.  if (Pdc>100) {Pdc=100;}

172. 1}
173.  void SWFA P(float P)
174, |

175.  if (k>=0 && k<N)
176.  Ad[k] = P;

177.  And = And+Ad[K];
178.  AOd = And/N;
179.  Ptotall = AOd;

180.  k=k+1;
181.  if (k>=N){
182. k=N;
183. 1}

184. 1}

185. if (k==N) {

186.  And = And-Ad[j];
187.  Ad[j] = P,

188.  And = And+Ad[j];
189.  AOd = And/N;
190.  Ptotall = AQd;

191, j=j+1;
192 if (j == N){

193, j=0;

194. }

195. }

196. }

197.  void Fuzzy(float e float se)
198. {

199, //=======mfel=======//
200. ifle<=e2)

201. {

202.  ifle<=el)
203. {mfel=1;}
204.  else ifle>el && e<=e2)
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{ mfel=(e2-e)/(e2-e1);}
}

else

{ mfe1=0;}

ifle>=el && e<=e3)

{

ifle==e2)

{mfe2=1;}

else ifle>=el && e<e?)
{ mfe2=(e-e1)/(e2-e1);}
else ifle>e2 && e<=e3)
{ mfe2=(e3-e)/(e3-e2);}
}

else

{ mfe2=0:}

ifle>=e2 && e<=ed)

{

ifle==e3)

{mfe3=1;}

else ifle>=e2 && e<e3)
{ mfe3=(e-e2)/(e3-€2);}
else ifle>e3 && e<=ed)
{ mfe3=(ed-e)/(ed-e3);}
}

else

{ mfe3=0;}

ifle>=e3 && e<=e5)

{

ifle==e4)

{mfed=1;}

else ifle>=e3 && e<ed)
{ mfed=(e-e3)/(ed-e3);}
else ifle>ed && e<=eb)
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{ mfed=(e5-e)/(e5-e4);}
}

else

{ mfed=0;}

ifle>=ed)

{

if(e>=eb)

{mfe5=1;}

else ifle>=ed && e<eb)
{ mfe5=(e-ed)/(e5-ed);}
}

else

{ mfe5=0;}

if(se<=se2)
{

if(se<=se1)
{mfsel=1;}

else if(se>sel && se<=se2)
{ mfer1=(se2-se)/(se2-se1);}

}

else
{ mfse1=0;}

if(se>=sel && se<=se3)
{

if(se==se2)

{mfse2=1:}

else if(se>=sel && se<se2)
{ mfse2=(se-sel)/(se2-sel);}
else if(se>se2 && se<=se3)
{ mfse2=(se3-se)/(se3-se2);}

}

else
{ mfse2=0;}
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if(se>=se2)

{

if(se>=se3)

{mfse3=1;}

else if(se>=se2 && se<se3)
{ mfse3=(se-se2)/(se3-se2);}
}

else

{ mfse3=0;}

if (mfe1>0)
{mfl=mfel;
Vi=v1*mfel;}

else

if (mfe2>0)
{mf2=mfe2;
V2=v2*mfe2;}

else

if (mfe3>0)

{

iflmfse1>0)
{iftmfse1>=mfe3)
{mf3=mfe3;
V3=v4*mf3:}

else iflmfsel<mfe3)
{mf3=mfsel;
V3=va4*mf3;}}
else

{mf3=0;
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V3=0;}
if(mfse2>0)
{if(mfse2>=mfe3)
{mfd=mfe3;
Vd=v3*mfd;}

else iflmfse2<mfe3)
{mfd=mfse2;
Va=v3*mfd;}}
else

{mfd=0;

Va4=0;}
if(mfse3>0)
{iftmfse3>=mfe3)
{mf5=mfe3;
V2=v2*mf5;}

else if (mfse3<mfe3)
{mf5=mfse3;
V2=v2*mf5:}
else

{mf5=0;

V5=0;}

}

else

{

mf3=0;

mfd=0;

mf5=0;

V3=0;

Va=0;

V5=0;

if (mfed>0)
{mf6=mfed;
V6=va*mf6;}

else
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if (mfe5>0)
{mf7=mfeb;
V7=v5*mfT;}

else

numM=(V1+V2+V3+Va4+V5+V6+VT7);
den=(mfl+mf2+mf3+mfd+mf5+mf6+mf7);
V=num/den;

}

void DACport(int16 var,int Chan)

{

if (var < 0) {var = 0;}

if (var > 16000)}{var = 16000;}

if (Chan == 1)

{

GpioDataRegs.GPBDAT.all = 0xff00;  //initial

GpioDataRegs.GPCDAT.all = var; //\oad data
GpioDataRegs.GPBDAT.all = 0xfe00;  //load input latch WR=1

(

(
GpioDataRegs.GPBDAT.all = 0xff00;

=

L

GpioDataRegs.GPBDAT.all = Oxbe00;  // WR=0

delay loop0();

GpioDataRegs.GPBDAT .all = 0xfd00;  //load D/A latch WR=1
GpioDataRegs.GPBDAT .all = Oxbd00;  // WR=0

delay loop();

}

if (Chan == 2)
{
GpioDataRegs.GPBDAT.all = 0xff00;  //initial
GpioDataRegs.GPCDAT.all = var; //\oad data
GpioDataRegs.GPBDAT.all = 0xff00;

=

GpioDataRegs.GPBDAT.all = Oxfb00;  //load input latch WR=1
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GpioDataRegs.GPBDAT.all = 0xbb00;
delay _loop();
GpioDataRegs.GPBDAT.all = 0xf700;
GpioDataRegs.GPBDAT.all = 0xb700;
delay_loop();

}

if (Chan == 3)

{

GpioDataRegs.GPBDAT.all = 0xff00;
GpioDataRegs.GPCDAT.all =
GpioDataRegs.GPBDAT.all = OxffOO
GpioDataRegs.GPBDAT.all = 0xef00;
GpioDataRegs.GPBDAT.all = 0xaf00;
delay_loop();
GpioDataRegs.GPBDAT.all = 0xdf00;
GpioDataRegs.GPBDAT.all = 0x9f00;

delay loop();

}

}

void delay_loop(void)
{

short i;
for (i =
}

0;i<10;i++) 3
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// WR=0

//\oad D/A latch WR=1
// WR=0

//initial
//\oad data

//load input latch WR=1
// WR=0

//\oad D/A latch WR=1
// WR=0
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Harmonic Detection using Instantaneous Reactive Power Theory

for Co-Phase AC Electric Railway Systems
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undnsa — unﬁﬂui{ﬁ‘lmuanﬁmﬂai’uﬂr{maﬁnm"uﬁ%m]u—ﬁ
ArasTuenfiamewits (33 PQ) dmsuszvumolndhnszusaduuy
wsdan 38 PaRlFdmamsndanszuadefsldfuasasnsasfd
uanfiduuyrwinwdiwivdanszuarmzoirdearineinluwrzuuse
Tdfnszuagauuuudaian n1INAAUANIIARENIINIIVIY
afuainuaedt Pa AmnaliTuandTanmnszuaa snafindifiniu
aaluszuusuliih nismuaumsdanszuaznsszosisinses
ﬁ’lﬁ'auanﬁvluwwmu'lmfﬁqmw‘u'ﬁ“[a (Pl controller) HANFNAFDY
TaelFiEnrdraesaniwnsniaallsunsa MATLAB/Simulink nun
nizuadabeitldninniinieduar fuafindauii pa innugndas
deualuagasnsaaridenaniduuuswiuainnsnnisanseud
grineinluszuuneiinssusadunuuwlasaldedrodiszintua
Taudn %THD 2a9nszuan wpdddnamenainIraadaianaduazag
lunsouanagiu IEEEStd,519-2014

drddy — mIms1edvarsvain, iEnguiimasuaniinymenils
mahdnariuaiin,wosnsasmiasuanin,musudp g
haa T

ABSTRACT — This paper presents the harmonic detection using
Instantaneous reactive power theory (PQ method) for co-phase AC
electric railway systems. The PQ method is applied to calculate the
reference current of the shunt active power filter for injecting the
compensating current in co-phase electric railway systems. The
performance testing of the PQ method use the actual harmonic current

load in the railway system. The Pl controllers are used to control the

27 naws usaAns
Tosaporn Narongrit
nguIsBdIAnnIaing s was wn3a9dning URZNITAILAY
Fvrimiaanssy Wi dndrrinanTumand
umrinaunaluladysund
Power electronics, Energy, Machines,
and Control Research Group
Suranaree University of Technology
Nakhon Ratchasima, Thailand

tosaporn@sut.ac.th

compensated current injection of the shunt active power filter. The
simulation result by using MATLAB / Simulink program confirm that the
reference current obtained from the PQ method is accurate calculation.
The shunt active power filter can effectively eliminate harmonic currents
in the co-phase electric railway system. in addition, the total harmenic
distortion (%THD) after compensation of the source currents in electric

railway system are satisfied under the IEEE Std 519-2014.

Keywords — power
theory, harmonic elimination, active power filter, power quality

improvement
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Power Filter in co-phase AC railway systems
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Abstract

This paper presents the design of a fuzzy logic controller for
control the compensating current of shunt active power filter (SAPF) in
co-phase AC railway systems. The comparison between using the input
and output membership functions of the fuzzy logic controller with 3
and 5 linguistic values are also presented in the paper. The simulation
results by using MATLAB / Simulink program show that the fuzzy
logic controller with 5 linguistic values can provide better performance
than 3 linguistic values in both case of the normal load current and the
load current has changed. Moreover, the total harmonic distortion
(%THD) after compensation of the source currents are satisfied under

the IEEE Std 519-2014.
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Abstract— This article presents the power quality
improvement in an AC electric railway system by harmonic
elimination using the shunt active power filter. The shunt active
power filter's reference current is calculated using the
synchronous detection with Fourier analysis (SDF) method. The
fuzzy controller is used to regulate the current of the shunt
active power filter. The article also presents a method for
designing fuzzy controllers that is simple to calculate and does
not require a mathematical model of the system. The
Simulink/MATLAB program was used to model the AC electric
railway system with harmonic reduction by the shunt active
power filter. The results confirmed that the Fuzzy controller
created by the proposed method performs better than the PI
controller for controlling the compensating current. Moreover,
the shunt active power filter can reduce current harmonic in the
AC electric railway system. The percentage value of total
harmenic distortions (%THD) after compensation of the source
currents is decreased and follows the ITEEE standard 519-2022.

Keywords— shunt active power filter, fuzzy controller,
harmenics, power quality, electric railway

I. INTRODUCTION

Nowadays, eclectric railway systems are increasing
worldwide because this technology is highly efficient for
transportation and has high security compared with other
transportation technologies. DC and AC power systems were
applied to feed a traction load or a train, However, because of
its stability, the AC power system is used a lot for a long-
distance railway. The traction load connected to the AC
clectric railway system can produce problems for power
quality such as unbalanced current, harmonics, and power
factor. The harmonics are focused on in the paper. There are a
lot of effects from harmonics, such as loss in electric devices
and transmission lines, interference in signalling systems and
communication devices, instrumentation and protective
device failure, and short-life equipment [1]. Thus, the
elimination of harmonics in the AC electric railway system is
important for reducing the effects and improving power
quality. There are three methods to use for eliminating
harmonic in an AC electric power system: using a passive
power filter, using an active power filter, and using a hybrid
power filter (a combination of passive and active power
filters)[2]. However, the shunt active power filter (SAPF) is

979-8-3503-8359-1/24/$31.00 ©2024
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selected to eliminate the current harmonic in the AC electric
railway system for this paper. It is because of the higher
efficiency for eliminating all harmonic orders, flexibility
when loads change, and no resonance problem compared with
a passive power filter [3]. Fig. | shows the harmonic
climination in the AC electric railway system using SAPF.
The substation has received the input of three-phase voltage
(69 kV, 60 Hz) from the power grid and generates the output
voltage of 26 kV, 60 Hz as a two-phase power supply (M and
T) by the Le-blanc transformer. The traction loads are linked
to phases M and T of the AC electric railway system, and real
traction load data from Taiwan's railway systems [4] is
utilized as a case study. Moreover, two single-phase SAPFs
arc connected to linear transformers TM and TT (1 kV:26 kV)
to inject compensatory current into the AC electric railway
system to eliminate current harmonic. The SAPF parameters
such as the DC bus voltage (Fpc), the filter inductance (L),
and the DC capacitance (Cpe) have been designed using the
conventional approach [5] and depicted in Fig. 1. The SAPF
control system has three major components: harmonic
detection, current control, and DC bus voltage control.
Harmonic detection is responsible for ecalculating the
reference current of the SAPF. The synchronous detection
with the Fourier analysis (SDF) method [6] is applied in the
paper. The current control is the component that controls the
SAPF's compensating current to follow the reference current
calculated using the SDF method. There are many popular
controllers to use for controlling this current, such as a
Hysteresis controller, a PI controller, and a Fuzzy controller.
However, the Fuzzy controller [8] was chosen because it can
provide high performance for controlling the compensating
current while without requiring a mathematical model of the
system for design. The approach to designing the Fuzzy
controller is also proposed in section IV of the paper, Finally,
the PI controller is sufticient for regulating the SAPF's DC bus
voltage.

The paper is organized: Section II explains the SDF
harmonic  detection method. Section TIT reviews the
conventional approach for designing the PT controllers,
Section [V proposes an approach to design the Fuzzy
controller. Section V shows the simulation results and
discussion. Section VI is the summary of the paper.
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Fig. 1. The considered system.

II. SDF METHOD

The synchronous detection with Fourier analysis (SDF) is
a harmonic detection method for determining the SAPF

reference current (i;) [6]. The SDF technique is formed by

combining the SD method's calculating steps, including the
SWFA's high harmonic filtering accuracy. The calculation of

the iz‘ by SDF is divided into six steps as shown in Fig. 2. For
the AC electric railway systems, the SDF blocks will be used

for phases M and T (i:':}f,f:“r) , depicted in Fig. 1.

Voa | _
Vig

[tu :| 5
Lig

From Fig. 2, the inputs of the SDF method are the source
voltage (v or vs(6)) and the load current (iz or iz(8)) of the
considered system, which is divided into two axes: A and B,
as shown in (1) and (2). The B-axis has been delayed by /2
radians from the A-axis as shown in Fig. 3.
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Fig. 3. The quantities on the A and B axis.
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In step 3 of the SDF method. the power in DC component
(P..) is filtered by the SWFA technique, which considers from
the instantaneous power (P) equation of Euler-Fourier as
shown in (3). The coefficient 4y in (3) will be analyzed for
calculating the Py value (Pu=A40/2). There are two steps to
computing the 4y using the SWFA technique. The first step is
determining the initial 4y by (4), which receives the ¥ data in
a period of the fundamental frequency (k=N to Ny+N-1). The
second step is the computation to update the new 4p ( 47 ).
This value can be calculated by (5), which is derived from the
sliding window technique as shown in Fig. 4. According to
this figure, when the data P(kT) at the window of k=Nj is
slid down to k=Ny-! for leaving. Then the remaining data
P(kT) at the window for k=N,+1 to k=Ny+N-1 are also slid
down the window. After that, the new data P(kT) in the
window k=Ny+N will be entered to replace the empty window
at the old k=Ny+N-{ for calculating the A7 In each round
of updating Ay, it also provides the new Py value by (6).
‘Where T (sampling time) is set to 10 ps for the paper.

E=N,+ N[:] entering P (k1)

[k =N+ N 1]
| I
¢ .
3 |
= |
B |
& Lo
= \
O
| |
L k=N, [
k=N, —1[Jleaving P (kT)
Fig. 4. The Ay computation by the SWFA technique.
D= L 4 3[4, cos(hakT)+ B, sin(hakT)]  (3)
24 =
DCcomponent (P, ) [ -
5 Npa-l
A== 3, PUT) @
N =

wm:4W+%qu+mnf%P¢ww) 6]

A
b= 70 (©)

HI. THE P1 CONTROLLER

A.The current control using the Pl controller

Fig. 5 shows the block diagram for compensating current
control with the PI controller. The difference between the

reference current (i;.) and the compensating current () is the

error input of the controller, while the output is the reference
voltage (U"). This reference voltage will be used as the input
of'the PWM technique for generating the control pulses of the
SAPF.

i+ e Il
¢ error PT U
controller

PWM
6 kHz

i

SAPF ——

Fig. 5. The current control via the PI controller,

B. Pl controller design

Fig. 6 shows the closed-loop control scheme used to
design the PI controller. Where the PI controller's gains Kp
and K; can be designed using (7) and (8), respectively [7]. In
the paper, the damping ratio ( £ ) and the natural frequency (
@, ) are set equal to 0.707 and 6000, respectively. Thus, the
caleulation result of the K» is equal to 4, and the K7 is equal
to 53,300. Note that: In the considered AC electric railway
system, the same controllers will control the compensating
current of SAPF for phases M and T.

K s+K, L] &
s A'LV .
Pi controller plant

Fig 6. Closed-loop control to design the PI controller.

L =2§’Wu[‘f Q)
K, = ijt 8

IV. THE Fuzzy CONTROLLER
A. The current control using the Fuzzy controller
Fig. 7 shows the block diagram when using the fuzzy
controller for current control. The error (i —i.) and the

reference voltage (U”) are the input and output of the Fuzzy
controller, respectively. The U will be sent to the PWM
technique for generating the SAPF control pulses.

. error Fuzzy UL P SAPF |——=

controller 6 kiz
T

Fig. 7. The current control via the Fuzzy controller

B. Fuzzy controller design

The processes in the Fuzzy controller are shown in Fig. 8.
The fuzzy inference by Takagi-Sugeno model [8] and the
weighted average (WA) defuzzification method in (9) are
specified for the Fuzzy controller design. The membership
function of input error is designed with a balanced seven
triangle shapes shown in Fig 9. The boundary position of this
input is calculated from the en. value which can be
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crisp fuzzy rule crisp
input evaluation and output
(error) aggregation "
T

Fig. 8. The processes of the Fuzzy controller.

determined by (10). In Fig. 10, the membership function of
the output U™ is designed as the seven bar constants, and the
boundary position of the output " can be obtained by the
SAPF’s DC bus voltage or Fpe (1700 V). Moreover, the
Fuzzy controller is based on seven rules for controlling the
compensating current as below:

Rule 1 [F error = SuperNeg THEN voltage = SuperDec
Rule 2 IF error = FeryNeg THEN voltage = VeryDec
Rule 3 IF error = Neg THEN voltage = Dec

Rule 4 [F error = Zero THEN voltage = Con

Rule 5 IF error = Pos THEN voltage = fnc

Rule 6 IF error = VeryPos THEN voltage = Veryinc
Rule 7 IF error = SuperPos THEN voltage = SuperPos

= ak, Y%k
WA:A 9
20wk,
8 V,.—1414
P [ Jo's
C =| 7 X xT (10)
V;l L/
ua
1 \,' Very Neg Neg  Zero  Pos !w Pos .Snpct Pus
0 73 048 -024 024 048 073
- m. error H-(Im
Fig. 9. The input ervor.
u
Super Dec Very Dee  Dee Con Inc  VervIne SuperInc
1
o k, k, k, k, k, k, k,
-1700 1133 -566 0 566 1133 1700
Vi) u e

Fig. 10. The output U,

From the parameters configuration of the system in Fig.
1, the Ppe is equal to 1700 V. The low-voltage side of the
transformer (¥7) is 1 kV and the high-voltage side (Vy) is 26
kV. The filter inductance (L) of the SAPF is 0.15 mH, and
the sampling time (7) is fixed equal to 10 ps. Thus, the

calculation result of the e, value using (9) is equal to 0.73
A,
V. RESULTS AND DISCUSSIONS

This section presents a simulation of harmonic removal
using SAPF for an AC electric railway system, The system in
Fig. 1 is simulated using the SDF harmonic detection method
and the proposed Fuzzy controller. The harmonic elimination
results for phases M and T of the AC electric railway system
are shown in Figs. 11. and 12., respectively.

i 1 e compensaton |
1 VAVAVAVAVAVAVAVAVAVAVAVA|
W U PUUUALP Jﬂ\ N
&g —ﬁ—r—m—ul | b”m”J v r*vL”nfU\‘qrﬁ

FAVAVAVAVAVAVAVAVAVAVAVA|

time(s)

Fig. 11. The harmonic elimination result of phase M using Fuzzy controller.

before i
s ofe ¥ " ~affer campensation
campensation

VAVAVAVAVAVAV/AVAVAVA
ﬂf\f \ \f\ “Jb VV U“

MF.. nJuWu I F\PUWU« " v"

WEPY juv\/\_/\/\/\/\/V\A

e time(s)

Fig. 12. The harmenic elimination result of phase T using Fuzzy controller.

In the duration time before compensation (at time < 0.06
5), the source currents of phases M and T (ig,.is) are highly
distorted waveforms (%THD = 22.18%). However, when
SAPF injects the compensating currents into the AC electric
railway system at times > 0.06 s, the source currents (fy,.{)
become a sinusoidal waveform. Where the %THD values
after compensation are equal to 1.37% and 1.27% for phases
M and T, respectively. These %THD results are addressed in
Table 1. Moreover, the results show that the proposed Fuzzy
controller can control the compensating currents (ipy.ip) to
track the reference currents (i),,.i;,) from the SDF method
throughout the signal waveform.

For performance comparison, the results of controlling
the compensating current by the PI controller with the

conventional design method are shown in Fig. 13 and 14. It
can be seen that the PT controller can also control the

compensating currents (i,.i,;) following the reference

currents (i, .i;,) . Consequently, the source currents (i, is)
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are also almost a sinusoidal waveform after compensation,
and %THD for phase M is 1.91% and phase T is 1.78%.

F before | ) ; |
compensation | |
s Wv \/\/\/\/\ v\/\/\/\
i, “u u LF xﬁﬂf\f\‘g U/\F J}J

MR u"«ju Wi Wu
\J \/\/ \/’\/\{\/ \/\/\

time(s)

' ———ﬂww

Fig. 13. The harmonic elimination result of phase M using PI controller.

befare ‘ o
I compensation |

TAVAVAVAVAVAVAVAVA \/\/\/\
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AMnMA uq,ndu%\[uf

S i —J" i U U\MF
2 ”U“U‘U“\/\/\/\/\/\/\/}A

006
o8 016

Yer

x.,_r&.'(Y o

time(s)

Fig. 14. The harmonic elimination result of phase T using PI controller.

01908 0491 0ME  0a02 b9 019

(a)

01938 fimefs)

WIS 00N LIS A 08 093
(b)

Fig. 15. The performance of current control for phase M
using (a) Fuzzy controller and (b) PI controller.

01935 fime(s)

Fig. 15. shows the performance comparison of the
current control in phase M, when using the Fuzzy controller
(Fig. 15. (a)), and the PI controller (Fig. 15. (b)). According
to this figure, both controllers have good performance in
controlling the compensating current. The compensating
current (i..) has been tracked following the reference current
(i;.y. However, at the maximum slope of the reference current

{0.1915 - 0.192 s5), the Fuzzy controller has more efficient
control than the PI controller.

In addition, the results in terms of the average %THD
value after compensation of the source current using the
Fuzzy controller are equal to 1.32%, while using the PI
controller is equal to 1.85% as depicted in Table 1. As the
results, it is confirmed the proposed Fuzzy controller has
better performance for controlling the compensating current
compared with the Pl controller. Moreover, This %THD
value is under the TEEE standard 519-2022.

TABLEL The %THD RESULTS OF SOURCE CURRENTS

Y% THD before % THD after
Controller p i i
types hase hase hase hase
P P M P T average P M P T average
. ;u“ﬁ‘lcr 137 | 127 132
Bl 22,18 22.18 22.18
1.91 178 1.85
controller

V. CONCLUSION

The elimination of harmonics using the SAPF for the AC
electric railway system has been proposed in the paper. The
SDF method was used to determine the SAPF's reference
current. Moreover, the design of the fuzzy controller was
proposed for controlling the current of the SAPF. The
simulation results confirmed that the proposed fuzzy
controller outperforms the PT controller in terms of
controlling the current. Moreover, the SAPF could efficiently
eliminate harmonics for the AC electric railway system, and
the source current has a sinusoidal waveform after
compensation. The %THD values of the source currents are
reduced under the IEEE standard 519-2022,
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unarsiihiauenssnstusdueindeiiafaed (POF) Sufunisnnadussiudfumauingagiu (Fundamental
Positive Sequence Yoltage Detector : FPSVD) dmiusvuusivihnssuaedunuumaday Bonsihausillddmiudwaam
nssuadnededuiunseauenfuefinearsasnsesiidiuaniiwiuuniuny (Shunt Active Power Filter : SAPF) alunsli
wndsieussliiwasssuusaiuguaduladuiant uaznsdiuvdssoussiuliinaasssuundammdouidenneriuein
msvaasunsiaiuaiuednluseuuniwihnszsaaduuuuiiadon spdsegndléimaiiansdiessanunsaliuusdawsluguily
o ilusunsy Simulink/MATLAB $auifuunda DSP §u TMS320C2000™ Experimenter Kit Tngwanissiaaaantuntsainadid
wndsdrowsadulnihuosssuusaduguraulaiudaninuiimanseiue fuadndeds POF asnsadiunssuadnadildogng
andpaasiiandguninit PO woudadn danalirue fdudamnitousidieingm (percentage of total harmonic distortion :
9%THD) fiszuulilihidsawmadadugasdosas (Point of Common Coupling : PCC) fientioundn 0.420 davlunsdliiundedng
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asrdus suainfiininnisldiiesis PoF dwmaldiisnsnsesmdueniWiuvawiuasnsaiidnan fuaiinluszuusidlndi
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Abstract
This paper presents the harmonic detection using PQF in combination with the fundamental positive sequence
voltage detector (Fundamental Positive Sequence Voltage Detector : FPSVD) for co-phase AC railway systems. The
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proposed method is used to calculate the reference current for harmonic compensation of the shunt active power filter
(Shunt Active Power Filter : SAPF), both in cases where the voltage source of the railway system is a pure sinusoidal
waveform and in cases where the voltage source of the railway system is distorted due to harmonics. Harmonic detection
tests in co-phase AC railway systems apply hardware in the loop simulation techniques using Simulink/MATLAB software
with the TMS320C2000™

the railway systems is a pure sinusoiclal waveform found that harmonic detection using the POF method can calculate

Experimenter Kit DSP board. The simulation results for the case where the voltage source of

the reference current more accurately and flexibly than the conventional PQ methad. As a result, the percentage of total
harmonic distortion (%THD) after compensation at the three-phase power system, which is the Paint of Common Coupling
(PCC) is less than 0.42%. In cases where the voltage supply of the railway systems is distorted. It was found that harmonic
detection by the POF method combined with the FPSVD method has better performance than using only the POF method,
resulting in the shunt active power filter effectively removing harmonics in co-phase AC railway systems, and %THD after
compensation at the PCC point is less than 0.86%. Moreover, the % THD after compensation of the source current
decreases within the framework of EEE Standard 519-2014.

Keywords

active power filter; fundamental positive sequence voltage detector; harmonic detection; Pl controller; power quality
improverment
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d o o i o
EU‘VI 4 wHUNTHNNIANNMRTIITUE BTG 8T PQ

3. n13asaaduanduaiin@aeis PQF diuiuszuusne
TWfnszuasauuuuwaTIN
manmaduersnetindieds POF dwiuszuuali

nssuaadusuuwanuuifunerlunisdnnesiadu

prsuadnuuirfuiuis po ludadedd unusly

Sumauit 3 vermsuanousEnaveSuetinues M

wanii (p,) swvssgndliisinsedysiesuuy Juled

e (Sliding Window Fourier Analysis : SWFA) [18]

wrun1slt1993 LPF feanunsauanslddaguil 5

jﬂi‘f‘i 5 nIsl4a8 swrA wendiuusduadinvasiidsuaniin
[17]

Yiurumddliiuenfivazdsenaudie 2 dau
fio p9AUIYNOUNIELANSS (DC component) wag
aeAUsEnoUNTLUAASY (AC component) FiULaR4
Tugnnisd (7) Tnen1sl438 swra tuniauendsunw
gnfueinvesiidnaniivazenfanisduran

asddsgnaunsvuanTsdnduvsnnyagiuveing

woniivl (7,) Mnduazihwundinauiuanddsiidwaniin
(p,) valilden p, Tnenszuiumslun1sduiamiei p,

auouandldRaguil 6

sin(hak)]  (7)
-

iy

(kT :% + 3[4, costhwkT, )+ B
=1

v
DC Component

N, - I:I leaving p,

AC Component

n=N,
No+l ||
z Allf'if [_j
N R
N_ —
Ny +N -1

N;+N [j entering p,

JU 6 madwame B, (17]

13U 6 Tunsduanmian B, wwilueinniaiy
foya p,un 1 Aruiaat dadmueldilduo Nioya
(n=Ny: Ny + N-1)iitasdanduusidulsydnd 4,
Tnel¥aunasil (8) uagdenduusednidinainandmam
A B, Iaeldaumad (9) snduniien B, AldFnavsanan
Fi p, vilaRuanA p, feauntadi (10)

dufunisannluseudalusgdinasiean p, i
fuimis n=N, aonainyadaya Nlaearfrwunlady
'ﬁa%aﬁﬁmmm n=N,~1Tuvusdaiuasfuaidayan
Tsian p, Aunts n=N, + N wnivlilugndaya N
axnarududoyaiisumia n =N, + N-Lunu 9induay
Fmsuammeadilsedng 4, drlmiieldduane
7, waz p, e luddwivlgiuamainszudandda i, uay

ity Tutiumeud 4 uay 5 nwds PQ Roly
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|

Ay =N ;.Zwl p.(n1}) @)
A

5 = P 9

P 2 @

b=p,—P, (10)

4, NMIATRIVLTIRUAIRUEUINYAT Y

Tuthtetiosiauenisanaiuussfuddumauan
yagiu wio FPSVD #iEdsndnazdisuitlynidesnis
AuanngraTueriuodndananalun i usedulwil i
wsdrwmeaszuuliidiidyanalidugUlsiuians
Wasoniienduednusdu Tae FPsVD axldlunisdiuam
asanduussfudduauanyagiui ssuu i
danlavosszuustelndin (. vy) 97nTua sl
wssdulwidananaluldlunisiuimmsindueisuain
#e38 POF dely dananslugudl 7

Vour Var
=
Vg Tl ap
Sa M
: l step2
Vis Ve _ . tepr —
Py -‘ Veu "R/r ’lw_
- 4 = o
ta e |F4 | 4, L=Yss Ysal|lup)
| Ll 45
stepl
Vnr‘ y step 3
=Y ne
! b
I[PI controller P
! oo
iz
DC bus Von | [ Be
voltage control j
s Vip Ysa | L4
Iwep4 l
T
w dor =i
step S

JUR T msdunamsiadueivetindauds POF saufu FPSVD

FPSVD ausaulunsAuiunsiadulseus s uims
wingagm 7 dumou el
Fupoudl 1 vnrswlaausadulairfissuulniiadg

goama (o)L luuTuaussiulwiuuunu ag (v,.v,)

Fanandhuasinsi (1)

dumeuil 2 Anassaresnsadiuld @, )

suuliihidasalameisaamadengy (Phase Lock
Loop : PLL) [19]
upouf 3 FUINANTEUAULLNY af (055 el

s (12)

,'E’ :\/E sin @, (12)
Iy 2| —cosd,

funouil 4 Annaenmaslrdiaivayu (audiary
instantaneous power) (p',¢) Tneldanmsd (12)

{pljl | W 4, +V, 'f;'t (13)
q Vg by =V, 'i/t

funauit 5 wwnesdusenauyagiuveatidliih
Aduayu (F.7) ponainesdUszneueniuaiinued
dalwiaduayu (5,4 Inaltss LPF

Funouil 5 FruameussiuliiagBiuuuny ap

(v,.v,) Iaeldaunnsv (14)

(14)
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dunoud 7 Avelinssiulidhadumauingagn
yasszruulifihidsaasa o)) darinfunsadulyd

adauuunu @ (v,) Aauansluaunisi (15)

[%]=[4] (15)

"ﬂTﬂ{lﬁuﬂﬂuﬁgﬂwﬂﬂllusa’”\ﬂﬁ‘{uﬁ']iﬂiﬂﬁ'}:ﬂLﬂULLNUﬂ']W
miﬁ?ﬂmmmi“ﬁ]ﬁ‘uLL,iaﬁuﬁﬁmﬂamﬂgagwtﬁﬁﬂ@ﬁﬁ 8
TnedunseSurenisdiuan v, dmduiaiteyviadu
Fnuassaddmsiuanitanm 2 g Wosanmnay,

wosla M wazwa T vasszuusalnih o, .v,)

Step3

i
1 [ g, ]
i|"V2 "L'l!H(E\Jl/f

Siejil;

Step 2

e A

Stepl P ‘l

Step?

Ug= V; i Step 6

Useiels 1

3\Jﬁ 8 UHUNTMNITEIN FPSVD

5. MI2DNLUUTEUUATUANTYELIIIINTRNANES
uaniinuuuTuIL
51 MIAUANNTEUAvALTE8iiAIuRNNLe
SEUUAIUANNSERATALTYdIefaInIuAuila (Pl
controller) anuinLansudonlaozLnsun15oenLuUdD
mvguldU 9 Tnsniseenuuusmsifiveuasi
puauitleszldiinisdszana [20) Tansiwieuliiey
Fulsvintuesilaiiudialounsda (closed loop transfer
function) vesuonlaasunsudanansuansluaunsi
(16) funaimyuud nuaziawzvosilaidungloudusy
gagnmspuiansluaunisi (17) mnasdsudiou

AudszAnSazatunioninii K, uaz K, 109ina7uny

nsswavawslAfaunTh (18) wag (19) mudsiu

s
T Teontroller  plant

o ax
Uit 9 ulenlmezunsusyuumurunsEnAsALTE FIBFIRIUAN
dilo

o
ot

{KMHK,L]
[ W (16)
e o [ Ky K,
gk S s+ =L
L.f 1‘/
. o,
G(s) ; an

i 2 sw, + @,
Ky=20w,L, (18)
K, =a)lL, (19)

Tagit ¢ o Fasndaunismag (Damping ratio) vas
mamursnszuavaslavunaruifsualiidmiaiy
0.707 @1y w,, fio A WEETTUUR (Natural frequency)
YoInIsAIUANNTERaYALE i uRlilAwn iy 27
x 3000 rad/s (finsanidnaniuetindudugeaadt 50 4s
firuf 3000 Hz iilesarnensueindaussudud 51 18y
pulvssfodniudaygimsuniu (Noise) wazligniin
A 9%THD) way L, fo Ardamioaia U84
2495 SAPF Aanunaldfidqiviadu 0.15 mH 990
AN sImasdfananiraIn safuINeDNLULAT K,
uax K, T 4 uaz 53,300 aauddiu [11]

52 mInuRuuTulEiiasednuguile
syuumuruusulallassediauauiilosuisn

uamsvdonlaezunsudmiuniseenuuuiiaIuaulacs

5Uii 10 Tameanuuuamniive fuasianiunuasly
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FEmsUszann [20) Wi fudusiinugunssway gy
TngnanisisuidieudussAnsseninedleridudalou
uilnvasudoniaozunsudeaunisd (20) funadwyuiy
Fnwazionizresilsitudisloududvassninsgiu
Fraun1si (17) agauisawian K, uay K, 79380

munuilelifiEunsi (21) uay (22) nuaiiy

Voot K54 K, B
5

controller plant

= « W W,
JUfi 10 uianlaorunanssuuaruanusatuTaliesadaads
ATuAUiile

et I

. 2K, 2K
24 +

VU!' 1 CIJ(T'VI:(( c‘nl Vf;l'
V.2 ‘ 20
Ve 2 P Kr‘..t\‘ L Kh_* (20)
(‘/)l ‘Vl)(' ('1'1( VF)('
Kn = 2,0 CocVie e
K, = wivcm V.';(‘ (22)

Tl ¢, Ao SnsdIunIsMIIIEINITAIUANLTIAY
Falwaseimualidansiaiu 0.707 diu e, fo Araanud

5554918 (Natural frequency) ¥89n15AUANKTIA LA

‘LWmSaﬁ’NumMﬁﬁwwhﬁU% (nagdinn s lidiaany
A

fawarnluaniuzasdadanini + 2%) [21] was 7, As
draadf (settling time) Gafrmualdiidndafu
0.05 s d1%3U Cy Ao ATFILAUYTEQUDI2995 SAPF
e llAAU 80 mF uag VAo mussiudalvase
Toulppanuuuliiansindu 1,700 V arnamrsniined
Fangraanusodiuine K, way K, lewindu 21,760

way 1,741,325.88 mauaisiu [11]

6. n1anassanuntsainnsAtdaasusinduimaia

aiauaslugy

A159ARIANTUNITIINIS AN AE Suplinatamailn
g15au13lugu (hardware in the loop : HIL) [22]
Usenaume 2 dau Ao drudidusendunas (Software)
Ao TU5unsuSimulink/ MATLAB wazdiudfu
#1503 (Hardware) fia uada DSP qu TMS320€2000™
Experimenter Kit ‘?amﬁi’amiﬂfmqumuiﬂﬂmm
CcCstudio V3.3 Tnutsaesdruaziausafuiiuany USB
JTAG emulator auandluguil 11

1. CCStudio v3.3 2. Simulink program
3. TM5320c2000™ Experimenter Kit
4, JTAG emulator

= 3 « - "
E‘U'I‘I 11 nﬁmamamumimﬁaﬂmﬂmmimmﬁugu

WHUATHANSEUILNIT9I BT S UUTIRDIEAI U0l
shomatinasauafluguaansauandliiigui 12 Taodu
Nvaen RTDX Write uulusunsu Simulink 9gsianisda
Foyadunar e USB JTAG emulator Tudsuasa DSP
Tuvazifisaiuuein DSP ﬁ]s%’usﬁaz&aﬁuwmﬁmﬁﬁa Read
from RTDX @afinsideulanddsdaeiusunss CCStudio
V3.3 91ntuuede DSP aAuInsiaussIIanany
Tsunsuy Laazdaiagal.mﬁwmﬁmﬁwﬁ"a Write to RTDX 1U
falUsunsu Simulink 8 7udns USB JTAG emulator
Tuvasdisiulsunsy Simulink 9z fudoyaionsinadae
yian RTDX Read Tnsnszuauntsiiauludsduiiu
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N3EUIUNTITNITU 1 50UB099290819nd 70874
(sampling time) d@1ufunisduinlusause q WAy

fudlunsdudusiteyadunmesdfoulunuee 4

daBIEnIUNTOl
IRTDX Wt} Rend fom RIDX] L 08 V22

I y‘;(.i | TMS320C2000TM

Simulink’ MATLAB
S emniﬂlor‘ |  DSPBoard

f I

‘ .
[RTDX Read la—yWiite to RTDX |

Eﬂﬁ 12 WHUNIWATEUAUNTSMI U BesEuUdNaesanIunigal
Favmaiiaerinwflugl

nsruvluguil 1 druvesszuusalaifiinssua
AFULUULNETIY UAEI395 SAPF argnadieduuu
Tsungusimulink’ MATLAB Taaldudenlwiinfad
(Simscape/Power System) Tuvniefldauaanisduan
msandueniueiindaeds PQ wiads PQF msAuanusefy
dduauINYAgILNY FPSVD SUUAILANNSYLATALTY
uazsEULAIUANUTIFuTElYR gl Tunsuaretud
updn DSP (@angaguAnsiiveivasasnsnsesing
1y
dmostayadunaitdsliiuueda DsP Usznauludoe

waninuuuruaEsEUUAIUANLARINI 9

FNTEUAINAR (i1, ) AR L Aundaserasasuy
Iihrdsaaama (vg,,ve ) dmssiudaless (V,.) way
ANTEUYILLE () MidvBTRY A AR AINUTA
DSP fla ATMSIAUINIDa (U], U) lasAusafuiang1a9s
g S suisy fudygyuganindes (triangular
carrier) Lﬁaﬁ%m‘?ﬁgmmﬁaﬂuﬂﬁmuauﬁwﬁqﬂﬂim‘la

aa

U4 (1GBT) uuugauaRiuna9995 SAPF Lilodanszua

yaeidpgnsuednluszuuslahnszuaaduiuuwea

Tavullsunsa Simulink daly ﬁ'ﬂLLam”Lugﬂﬁ 13

A . - S
IR 1 @gUAIMI9iline 999999990909 SAPF LazaIzuy

AR
duitfinisuieanu ATWITHIRET
L, =015 mH
495 SAPF Cp. =80 mF
Vie = 1700 v
FEUURIUALNTEUAYILYE K, =4
(PI Controller) K;=153,300
sruuRUANLIRuTEIHR K, =21,760
(Pl Controller) K, =1,741,325.88

7. wan1sinassanunIsainaznisefuTona

sruuNsIIaBIEnIunsiin st daenauatinlu
szuurnlwinszusasunuumasiumomatinoniouad
Tuguiilenamouaussausmansadusiueiinguis POF
faufy FPSVD anunsauanal@degui 13 Tnuasld
A1 %THD wasnsrLaiuvasinuatandenisuaiveiiy
#atTnUsvAniuadaanunsofmuinldinaunisi (23)
nsnagouszulseanitu 2 nad Ae nadlundedie
usalniiwesszuusaduguaduleduiant wasnsdil
uve streusaruliuesszuusrelensuednuedn Tnalu
mMaTasdn U safIna s sauunansalwil
(traction load) vesszuusnlnyhmounasdenseua
lugnundfiuseneuludisosdseneuyagiuuay
pafUsEnauesuaiinfiiefuaislussuusnsluiivas
Uszinalaniu [23]
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v, 69kF 60H= PCC,

v,

o l K] PEC,

i,
Ve l 'sB

PCC,

Le—Blate  uonnnnS

Transformer i
Phase M Phase T

v

26V 60H= 26V 60H:
Traction i
" 'th

T
Lan/

e

e

Vg ="

Shunt active power filter and

I
Y THD, =%x100% (23)

al - ' { al
lawil 1, e Anszuainletyague 60 Hz
- v -t o 3 @ “
I, fn Anszuananudensuotindudu 2 fs 50

7.1 n3diit 1 undedrsusedulnfivesszuusradu
ERLGINEWTEET
A1sTaesanunsainisidrendaaiinlussuuing
Tiletaguit 13 nadfuvdsdnousaduliihesssgung
ugundulviviavissdiauonaiouiovaussous
MInTITUeTelingewings PO wayds POF Tnunans
Fransan unainsdlildiz PO woaa M wazia T
mmsmmmlﬁﬁﬂgﬂﬁ 14 nansdransanunsainsald
1978 PQF weaivle M wazivlg Tmmmuamlﬁﬁagﬂﬁ' 15
WAYATN5AqATUAT %THD Yoanseuaiundadiusei
seuvlafinm e urauasiiszuu i mdaumaas

sruusulEsanIsei 2

— s |

cantrol system

57

Three - phase
pover grid

Traction network
(Twe — phase system)

-

m
"9 b oof 68 a®e 01  0f2 044 016 0i8 02
0 ; .

Topr 9
5@ G G G, 81 613 6 B B 62

times(s)
(n) il M
wi

V;-,—-l’]

0@ 06 b6 Gk 01 0% G616 6w Bis 0

'Emu 0 004 oos

@waT

-
Ui 14 mamsdnesasnumaninsdldis Po
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002 004 006 G D

T
times(s)

() wla M

ol 0% 004 0o6 oW o) om oW o 4w 62
’sr"m\/\//\/\/\/\/\/\/\
Ot goi 606 Goa o 02 14 0f8 o0 02
times(s)
) wla T

a s ¥
JUR 15 wansdmesdnunaninadll e POF

InNantsitassan unsintsitdRensuedinlu
syuusnaliiveana M uasla T duandlugud 14
way 15 sxdanaiuinussduluihvesseuusisluma M
wasla T OsoVsr) fnwsdugunduleduiand way
dlofiansnfausiaan 0 890,06 3undl wietasdounts
wowe dunnlddinszuafiundsdiovoaisas vla
R fnemraduliduglndhdudoatun
Tvian (ifa‘f‘il-f')mﬁsznﬁ«?’iammsm‘?ﬂm %THD 794
wla M uazia T e 22.39% wag 22.40% audsu
Wl Apdausioan 0.06 Juniifusulvdeasmends
sy danalai19995 SAPF sauAussuuAIuaY
ansodanssuagay Vol fifidnunradoumufy
NTEIAB1984 (Goapsicr) lfnnasasnduegsueiing e
PQ (3Uf 14) uae 8 PQF (3U 15) dewald ‘s way ' )
dnwgndusniugdledinntuuasilin %THD anas Tng
Tughaan 0.06 fis 0.12 Fund vievluanund (load 1)
31438 PO Sad STHD vasnsvuaTLUAITIEWE M
waewa T iy 1.62% winduisasana daunsdid

1495 POF ¥aen % THD waanszuaiwvasdalaadniaiu

1.60% uaz 1.59% arudduia deaintulugisian
0.12 Juiduduluivunlilvasvasssuusslidhing
Lﬂﬁiammmgﬂ‘ha (load 2) wu1 asdlle3s PQ TaAn
%THD Taanseuafiuva 9 v e M waziva T 16
WU 4.27% way 4.08% miuainuine daunsalldng
PGF 071 9% THD lawindy 3.70% uay 3.81% niudiey
Lla

IAREAT %THD damnsieit 2 wuiilutsluanunfien
%THD WAsvesnszuaiuvaattefisyuulwisdsany
wanendanisvaie nsdldlisE PO waensdifléis Por
quilanlnalAsaty (1.62% way 1.59% mueaeiu) dmiu
nitﬁﬁlmaﬂﬁmsL\J§ammmgu%ﬂawmmsnﬁﬁlﬁ%’ POF
a2 19A % THD odbveenssuaiuvaesdtefszuulaia
Mdsauwan avdn s aiinniiiu 3.750% Selae
ninsalitld s PO ke sTHD windy 4.17% (fidian
N7 0.429%) Fawansliifiugnis POF fanssausluns
AannTTuiiant fadunaunneinds SWeA flaaw
Bavgu uarilanssouzlunisuenyiuimenfuednves
hifasendivitfindaaes LPF

Toaman1siauidioun %THD wadefissuulni
Ardaaruwadadugasosiu (Point of Common
Coupling : PCC) ndamsummeildands PO uazis POF
yntnmansauandifaguil 16 Tnsawdunniilin
38 POF amnsalvinani %THD wdansyaetianninis
PO wilnanilnaAnua

| 1 i W |
I hefore & 1
J compensation :'7 load] —— ———load 2 ———|

—pQ

= | i o w - 13
Ui 16 ¢ %THD wAsfissuulnihidsamvansdwdadie
& & i CRCE ¢
wssaulnihee ssruusalugurauletiuians
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= ' i ¥ i i o
m519fl 2 @3URar %THD nsiluswiulifhilunasdnssasssuudiusuauladuiand

9THD ToensEuanuadae
Fnsnsaedu szuulnihid e szuulrihidsavia
mduaiin (gpatsr) (igys sy fsc)
M | T ‘La?ia A ‘ B ‘ C |La‘a‘ﬂ
founsuniey
- | 2239 | 2240 | 2240 | 2238 | 2238 | 2237 | 228
sdansaaLge T lranuni
PQ 1.62 1.62 1.62 1.62 161 1.62 1.62
PQF 1.60 159 1.60 1.59 1.56 1.63 1.59
wianswaizeTisaadintaUisu s Ui
PQ 4.27 4.08 4,18 4.26 ] 414 4,10 4.17
PQF 3.70 381 3.76 3.70 I 371 3.84 375

o o o oo o ar i W o 0w o
finres(s)
(n) 1z M
waigt ; = = = B
‘J“’M/\/\/\/\/\/
% o om ek b 91 02 W o W oz
s ) . , ! v
] L S S R O [ S L ST
0, T " 1
WG a6k Bk 91 0f 450 G4 BME 02
e, o - " : i 2
|« NS . e s s e
times(s)
() wla T

4 .
JUN 17 wansdmesanumsninsalldis PoF

7.2 nadin 2 umdsdnousedulidssuusieiinanu
viguiesnnanduaiin
A1sInaBIEnIUNIsaln sindnansuednlusyuusne
Tdrdagudl 13 nadlfundsdoussdulntiiszuuns
frnuiauiiosansrsuadnesinauenindisufey
AUTTOUEMIRTIITUESURTNTEMIeTE POF wagTo PQF

saufiu FPSVD Taprantsinassaaiuntsalnsdinleis

PQF wosila M uazila T ansnsauanslifaguit 17 dou
wanissIaasan UM TN dildas POF Saufu FPSVD
vpaa M uazila Tmmﬁmmmla’w’ﬁogﬂﬁ 18 LAy
am1509a5UA1 %THD vesnsruaiundasaeisfiszuy
T daee s auaziiszuuliiiidaumavosssuy
sraléiamasnadt 3
PARAnITINAesEnIun1TainIATae iueilnly
stuusalifivosa M kazia T fauanslugudl 17
way 18 azdunadtusesuldineeava Muazila T
(Vg V) ﬁa"nmmxiﬂLﬂugUﬂﬁuiwu‘%qméLﬁawmﬁaﬂi‘c
wadnuyuudian %THD Wiy 3.20% Tnuranisngaadu
g15uotingneis POF wazis PQF 9aufu FPSVD fldnwady
mdnaiy fio grsnounsraedueiaa 0 f 0,06 Gund
ﬁi:uﬁﬁméaﬁhﬂ(i_w,(W)ﬁaaaamawﬁﬁnwmsﬁmﬁvw
ThBhuguledwuidendiunseudlues (.0, mﬂizmi%a
a1u15aTaAY %THD vaurd M wazida T 1awindu
22.30% waw 22.09% AMEFUIE Aeundausian 0.06
Auritiiuduly wlosaes SAPF afuszuumumniing
BansesanaimeiiidnuazadennuiunsnadiaBeile
snnrsnsaeduariuedindaedt POF (Ul 17) uaed?
PQF 394U FPSVD (;iﬂ‘ﬁ 18) damalii iy, uas i, denwuey
v dugUladnniusasden %THD anadaansdils

5 POF A1 %THD vasnssuaiiuvaddiavasma M way
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wla T ldauvniu 2.48 % waz 2.58% muasuiwe @
il #1938 PQF $2uffu FPSYD a1 %THD léwinfu
1.74 9% waz 1.59 % auasuswe

xiot

% (X7 o4 oo oW a4 6 R TR ETI 1 03

T B R |
e : 3 ;

i &t MMM MMMV
iy L R ST} ar E B T 2
50 7 :
H naliined i T S

fimtes(s)
() wila M

1 —

i ] L B T ) 508 (x] L R T ] 1 52

wy

() (Wl T
zﬂﬂ 18 wamidaasanunsainsdlldis POF saufiy FPSVD

PINeTed 3 WU POF Sanfu FPSVD ansnsalst
#1 %THD At vosnseuaTunas efiszu Ul
aanevdsnisyaeiidviaiy 1.66% Tetipandnds
POF fifleamiaiy 2.52% (latasnda 0.86%) 91nna
fapanauanglisiniinisld FrsvD saulunisdiuan
ns9dvesuelniuit POF amsndaivantgyuinisg
Arumnsavdunseuaendusiniiianataiiossind
grsuefinUzduiumasd sl voiszuusalise
denalin335 SAPF @runsnntdmenduaiinlaogqsdl
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