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Fig. 2.1 Characteristic point of PV panel
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¥ 2.1 Hlolg AEAM AT dEAHE (KCI25GT)
Table. 2.1 Specifications for PV panel (KC125GT)

Electrical Performance under Standard Test Condition (STC)

Maximum Power (Pmax) 125 W (Tolerance: +10% / -5%)
Maximum Power Voltage (Vmpp) 174 V

Maximum Power Current (Impp) 7.20 A

Open Circuit Voltage (Voc) 217 V

Short circuit Current (Isc) 8.00 A

S Y drpske] WE 9ol e BRE AFsta QA ¥tk Aw, AR STC
oA el vlolElvhS 7hA| AL Bk side] IS RE R ol sl shAIRE A 2-the]
or 572 7E 89 TEvlEE 7B 02 R, Ga, A, In L2 5712 974 19
229} o] dlo]HAIE 7|uke] g o] setuEE FE387] 9% HolEAIES] S4AR
7b FEsiths BAFel =eidrh As, B Ad e Ax:AE Alwske 4719 23
A 57 mAFE g Wl FakE 2l offy] Wit 7| RdEe thge v
AN ARESH FAE sAdsta ok

oL o

rt °
o
Hﬂ

5 unknown parameters
Series Resistance (R)
Shunt Conductance (Gyp)

4 datasheet informations

MEP (Lypops Vinon)
Slope @MPP =0 *

g SR Ideality factor (A
Open circuit point (V) Photogurren ; (% ))
Short circuit point () it — (IPh)

% 22 HOHAES] ARES FA

Fig. 2.2 Lack of information in datasheet
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Fig. 2.6 Additional conditions for parameter extraction
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Step 1:Choose initial X;, N, (number of cycle)
Determine the ¢ : tolerance
Calculate f(X));
Set j = 1; (initialize powell cycle)
For 1 = 1; (initialize univariate cycle)
Si=e; (univariatestep)

Step 2:For each cycle j

For 1 = 1:3;
If G >= 2) Si=Si+1 --> Powell shift
Xin=Xitai' S

--> @ is determined by minimizing f(Xi)
End (i cycle)
Si=X4=X
X=X4ta;-S;
Calculate {(Xj)

Step 3:Af = f(Xjn)-f(X))
AX = Xii=X;
If |Af] < g stop
If AX'TAX < e; stop
If j = Ng;stop
X=X,
J=ith
Go to Step2

a9 32 shael HH s el Fras

Fig. 3.2 Pseudo code of Powell's optimization
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>

L

Initialize X,
Set search vector 5=¢(i=1, 2, 3)

L

For X, =Xi+a;8i(i=1, 2, 3)
Calculate o; to minimize E(X;,,) €

L

Set up additional search step
S=Xa-Xy Update X, +X;

Xs=XytoS, Reset weighting factor o

Calculate oy to minimize E(X:)

|AE| =g,
or AX"TAX <g,

Extrﬂct qu Gﬁh'ﬁ A.
Calculate L, I,

L

( End >

I 34 AMERY] EEE

Fig. 3.4 Flow chart of the proposed algorithm
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Fig. 3.5 Graphical method for Rgmax and Gshmax Of search range

X =R, Gy, 4,]=10,0,1] (3.20)
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Fig. 4.1 Optimization process of the proposed method
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Fig. 4.2 PSIM implementation to extract the characteristic curve
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Table 4.1 Datasheet values of PV paenls
Isc Voc Impp Vmpp 1:)mpp N ki kv
(A) V) (A) V) (W) ) (A/°C) (mV/°C)
AT50 3.3 21.5 2.86 17.5 50 39 - §
MSX60 3.8 21.1 3.5 17.1 60 36 2.47107 -80
KC65GT | 3.99 21.7 3.75 17.4 65 36 1.59-107 -82.1
MSX120 | 3.87 42.1 3.52 33.7 120 72 247107 -80
SQI60PC | 4.9 43.5 4.58 35 160 72 1.4-103 -161
KC200GT | 8.21 32.9 7.66 26.7 200 54 3.18107 123
LPC241 8.54 37.4 8.01 30.1 241 60 2.135-107 -127.5
TSM245 | 8.68 37.5 8.13 30.2 245 60 4.0796:107 -120
SF260 8.4 443 7.76 36.1 280 72 3.104-10° | -115.52
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Fig. 4.3 I-V characteristic curve
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Fig. 4.3 I-V characteristic curve (continued)
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e

T =

(a) functional model

19 4.6 PSIMO] BjE wid =dl

Fig. 4.6 PV panel model in PSIM

T 43 FFEA 9 ety

Table 4.3 Input parameters for functional model

(b) physical model

User setting parameter Value Unit
Open circuit voltage(Voc) 80 Vv
Short circuit current(Isc) 5.9 A
Maximum power voltage(Vmpp) 62 \Y%
Maximum power current(Impp) 4.8 A
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STC
qUq
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T\ 26\ T
LD =1+ eA"(Tm 7 (4.13)
sTC
T 44 B R 9 st
Table 4.4 Input parameters for physical model
User setting parameter Value Unit
Number of cells(Ns) 36 -
Standard light intensity(S0) 1000 W/m?
Ref. temperature(Tref) 25 K
Series Resistance(Rs) 0.008 Q
Shunt Resistance(Rsh) 1000 Q
Short circuit current(Isc0) 3.8 A
Saturation current(Is0) 2.16e-8 A
Band energy(EQg) 112 eV
Ideality factor(A) 12 -
Temperature coefficient(Ct) 0.0024 A/K
Coefficient(Ks) 0 -
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Fig. 4.7 Performance of the PSIM model
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Fig. 49 C block implementation of the proposed model
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C void RunSimUser () )
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Fig. 49 C block implementation of the proposed model (Continued)
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Fig. 4.11 Software implementation of the proposed model
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Fig. 4.12 Characteristic results of the proposed model (KC200GT)
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Fig. 4.13 Temperature dependency of

the conventional and the proposed model
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Fig. 4.13 Temperature dependency of

the conventional and the proposed model (continued)
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Table 4.5 Specification of the buck cunverter

Specification Value Unit
Input voltage 50 Vv
Output voltage 0~21.7 Vv
Output current 0~8 A

Inductor 136 uH
Output capacitor 330 uF
Switching frequency 100 kHz
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Table 4.6 Specification of the current controller

Rem, A7lE 74

= 2=
gk 4= 9tk

T =

(4.22)

(4.23)

(4.24)

(4.25)

At #

Parameter Value Unit
R1 2 kQ
R, 27 kQ
C 200 nF
G 1 nF
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H =
T T
MATLAB code
%%% management functions
clear % clear all wvariable/information in the workspace - use
CAUTION
clc % position the cursor at the top of the screen

close % closes the figure window
format compact % avoid skipping a line when writing to the command
window

warning off % don't report any warnings like divide by zero etc.

lowbound = 0; intvl = 1; ntrials =20; tol = 0.001;

textl = ['The function for which the minimum is sought must be'
'\n a MATLAB function M - File. Given a vector dependent '
'"\nvariable it must return a scalar value. This is the'
'"\nfunction to be MINIMIZED. Please select function name'

'"\nin the dialog box and hit return : \n '];

fprintf (textl) % displaying prompt
[file, path] = uigetfile('.\*.m','File of type MATLAB Script');

if isstr(file)

functname = strrep(file,'.m',"'"); % strip .m from file name

else

fprintf ("\n\n'");
text2 = ['You have chosen CANCEL or the file was not acceptable '

'\nThe program needs a File to Continue'

'"\nPlease call Pattern Search again and choose a file OR '

'"\npress the up-arrow button to scroll through previous
commands \n'
'"\nBYE'];
fprintf (text2);
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end

clear textl text2;

fprintf ('\n");

stringl = strcat('The function you have chosen is :: ', functname) ;
fprintf (stringl);

clear stringl;

Nmax = 1000; epsfdif = 1.0e-8; epsxdif = 1.0e-8;

ok = 1;
while (ok)

stringl = ['Input the starting design vector. This is mandatory'

'\nas there is no default vector setup. The length of your'

'"\nvector indicates the number of unknowns. '

'"\nPlease enter it now and hit return\n'] ;

xdes = input (stringl);

fprintf ('\n")

fprintf (' The initial design vector [ %6.2f %6.2f ]',xdes);
fprintf ('"\n")

if (isempty(xdes) == 0)
break;
end

end

n = length (xdes) ; % length of design vector

o)

% initialize the search vector to zero

for i = 1:n;

searchi (i) = 0.0;
end
% start the search for Nmax iterations

% In this method for each iteration there will be n + 1 iterations
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% the first n iterations correspond to the unit vector search
directions

% the n+l iteration correspond to the summ of the previous

displacements

O o o e e e e e e e e e
(e}

iders = 1; % iteration counter
idersall = 0; % iteration counter

o)

% store values

Xxstore (iders, :) = xdes;

fstore (iders) = feval (functname, xdes) ;

astore (iders) = lowbound;

countloop = 0;

for outloop = 1l:Nmax; % loop on cycles

xbegin = xdes;

fbegin feval (functname, xdes) ;

xcur = xdes ;

[o)

for ider = 1:n; % for univariate iterations

iders = iders + 1;

o)

search = searchi; % coordinate search direction

search (ider) = 1.0;

solutionl = GoldSection nVar (functname, tol, xcur,

e

search, lowbound, intvl,ntrials); % 1D search

idersall = idersall + 1;

o)

% if returned alpha is equal to lowerbound that

)

% direction was not useful

$ reverse the direction and check
if solutionl (1) <= lowbound;
search(ider) = -1.0;

Q

% reverse the search direction and
Q.

% update x anyway

solutionl = GoldSection nVar (functname, tol, xcur,
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search, lowbound, intvl,ntrials) ; % 1D search
for j = 3: n+2;
xcur (j-2) = solutionl (j); %update design vector
end
idersall = idersall + 1;
else % search direction acceptable ;update x
for j = 3: n+2;
xcur (j—2) = solutionl (3):;
end
end

%$store the values for iteration

xstore (iders, :) = xcur;

fstore (iders) feval (functname, xcur) ;
astore (iders) = solutionl (1) ;

end

% begin nt+l iteration. The search is based on changes in x in the
% previous n iterations along the coordinate directions

search = xcur - xbegin;

% pause;

solution2 = GoldSection nVar (functname, tol, xcur,

o°

search, lowbound, intvl,ntrials); 1D search

if solution2 (1) <= lowbound;

search = -search; $ reverse the search direction

solution2 = GoldSection nVar (functname, tol, xcur,

o°

search, lowbound, intvl,ntrials); 1D search

for j = 3: n+2; % update x even if not successful
xcur (j—2) = solution2(3);

end

idersall = idersall + 1;

else
for j = 3: n+2; % update x
xcur (j-2) = solution2(j);
end

idersall = idersall + 1;
end

iders = iders + 1;
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% store the value of x

xstore (iders, :) = xcur;

fstore (iders) feval (functname, xcur) ;

astore (iders) = solution2 (1) ;
countloop = countloop + 1;
% check convergence on f
fdiff = feval (functname, xcur) -fbegin;
if abs (fdiff) < epsfdif;
fprintf ('Convergence in £ : % 14.3E reached in %6i cycles
\n',
abs (fdiff), countloop);
fprintf ('"Number of useful calls to the Golden Section Search
Method :%61 \n', iders);
fprintf ('Total number of calls to the Golden Section Search
Method :%61i \n',idersall);
fprintf ('\n The values for x and f and stepsize are \n');
disp([xstore fstore' astore'l])
break;
end
% convergence in changes in x
xdiff = (xcur-xbegin) * (xcur-xbegin) ';
if xdiff < epsxdif
fprintf ('Convergence in x : % 12.3E reached in %61 cycles
\n',
xdiff, countloop):;
fprintf ('Number of useful calls to the Golden Section Search
Method :%61i \n',iders):;
fprintf ('Total number of calls to the Golden Section Search
Method :%61i \n',idersall);
fprintf ('\n The values for x and f and stepsize are \n')
disp([xstore fstore' astore'l])
break;
end
xdes = xcur; % a single iteration over
% update x and return to outloop iteration
end

if outloop == Nmax
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fprintf ('maximumum number of cycles reached : %61 \n',6Nmax);

fprintf ('Number of useful calls to the Golden Section Search
Method :%61 \n', iders);

fprintf ('Total number of calls to the Golden Section Search
Method :%61i \n',idersall);

fprintf ('\n The values for x and f and stepsize are \n')

disp([xstore fstore' astore'l])

end
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PSIM C block code

Variable/Function definitions

#include <stdio.h>
#include <stdlib.h>
#include <string.h>

#include <math.h>

int g nInputNodes=0;
int g nOutputNodes=0;
int g nStepCount=0;

/// global var definition for panel ///
double *ANS, *ANS2, *ANS3, *ANS4;

int count;

double Rs, Gsh, A, Rs stc, Gsh stc, A stc;

double Io, Iph;
double gg, ff;

double yl11, y22, y33, vy44, y55;

double Vt;

double Isc v, Voc v, Impp v, Vmpp v, Vt v, T v, S v;

double Isc stc, Voc stc,
double P panel;

double v, current, p;
double temp, s;

double ss, tt;

double vol = 1.38e-23;
double g = 1.602e-19;
double Tc = 25;

double TK = 298;
double S = 1000;

////// KC125GT ///////
double Isc = 8;

Impp stc, Vmpp stc, Vt stc,
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double Voc = 21.7;
double Impp = 7.2;
double Vmpp 17.4;
double Ns = 36;
double kv = -0.0821;
double ki =0.00318

double Example5 3 (double *x)

{
return pow (x[0]-x[1],2)+2*pow (x[1]-x[2],2)+3*pow (x[2]-1,2);

double Example6t 1 (double *x)

{
return 3*sin(0.5+0.25*x[0]*x[1])*cos (x[0]);

double PVmodel (double *x)
{

Vt = (Vol*TK) /qg;

yll = =Voc/ (Ns*x[2]*Vt) ;

Io = (Isc-(Voc-Isc*x[0])*x[1])*exp(yll);
y22 = -yll;
Iph = Io*exp(y22)+Voc*x[1];

/////////objective function definition///////////
y33 = (Vmpp+Impp*x[0])/ (Ns*x[2]*Vt) ;
ff = Iph-To*exp (y33) - (Vmpp+Impp*x[0]) *x[1]-Impp;

v44 = (Vmpp+Impp*x[0])/ (Ns*x[2]*Vt) ;
g9
=(Io*(1/ (Ns*x[2]*Vt)) *exp (y44)+x[1])/ (1+Io* (1/ (Ns*x[2]*Vt))*

exp (y44)+x[0]*x[1]) - (Impp/Vmpp) ;

return pow (ff, 2)+pow(gg, 2);
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int i, j, cnt;
double dela;

double dx0[3],x0[3];
double dx1[31,x1[3];
double f0,fl,fls;
double a00,a0l;

int index;

double returnval[5]; // {alpha, f,x[0],x[1],x[2]}

double *UpperBound nVar (double *x, double *s, double a0, double da,

int ns) {

for (i=1; i<ns; i++){
3=0; dela = j*da; a00 = alO+dela;
for (index=0; index<3; index++)
{
dx0[index] = a00*s[index];
x0[index] = x[index]+dx0[index];
}
f0 = PVmodel (x0) ;

j=j+1;dela= j*da; a0l = a0+dela;
for (index=0; index<3; index++)
{
dxl[index] = a0l*s[index];
x1l[index] = x[index]+dxl[index];
}
fl = PVmodel (x1);

fls = f1;
if (£1<£0) {
for (j=2; j<ns; j++) {

a0l = a0+j*da;
for (index=0; index<3; index++)
{
dx1l[index] = al0l*s[index];
x1[index] = x[index]+dxl[index];

}
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double upvall[5], au,
double epsl,

fl = PVvmodel (x1);

if (fls<fl) fls=fls;

else fls=£f1;

if (f1>fls)

{
returnval[0]=a01l;
returnval [l]=f1;
returnval [2]=x1[0];
returnval [3]=x1[1];
returnval [4]=x1[2];

}

return returnval;

// MIN(fls, f1);

printf ("cannot increaser funtion in ntrials");

returnval[0]
returnval[l]=
returnval[2]=
returnval [3]=

returnval [4]

=a0l;

1[0];
1717;
=x1[2];

return returnval;

else
{
da= 0.5*da;

}
}
returnval[0]=a0;
returnval[1l]=£f0;
returnval [2]=x0[0];
returnval [3]=x0[1];
returnval[4]=x0[2];
return returnval;

fau;

tau, nmax;
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double al, al, a2;
double xL[3],x 1[3],x 2[3];
double fal, fal, fa2;

int k, h;
double returnGold[5]; // {alpha, f,x[0],x[1],x[2]}
double *AnsUpper;

double *GoldSection nVar (double tol, double *x, double *s, double
lowbound, double intvl, int ntrials) {
AnsUpper = UpperBound nVar (x, s, lowbound, intwvl, ntrials);
//for (cnt=0;cnt<5;cnt++)

printf ("UpperBound result[%d]=%f\n",cnt,AnsUpper[cnt]);

for (k=0; k<5; k++)
{
upval [k] = AnsUpper[k];

printf ("upval [%d]=%f\n", cnt,AnsUpper[cnt]) ;

au = upval[0];

fau = upvalll];

//printf ("au=%f\n",upval[0]);
//printf ("fau=%f\n",upval[l]);

epsl = tol/ (au-lowbound) ;
tau = 0.38197;
nmax = (int)floor (-2.078*log (epsl)+0.5); //Wr=H

al. = lowbound; //printf ("al Gold = %f \n", al);
for (k=0; k<3; k++){
xL[k] = x[k]+alL*s[k];
}
fal = PVmodel (xL) ;
printf ("xL[%d]=%f\n",cnt,xL[cnt]);

al = (l-tau) *al + tau*au; //printf("al Gold = %f \n", al);

_85_



1 Energy Conversion
—l Circuit Laboratory

for (k=0; k<3; k++){
x 1[k] = x[kl+al*s[k];

fal = PVmodel (x 1);
printf ("x 1[%d]=%f\n",cnt,x 1llcnt]);

a2 = tau*al + (l-tau) *au; //printf ("a2 Gold = %f \n", a2);
for (k=0; k<3; k++){

x 2[k] = x[k]l+a2*s[k];

}

faz = PVmodel(x 2);

printf ("x 2[%d]=%f\n",cnt,x 2[cnt]);

for (h=1; h<nmax; h++) {
if (fal>=fa2) {

al = al; fal. = fal;
al = az2; fal = fa2;
a2 = tau*al+ (1l-tau) *au;

for (k=0; k<3; k++){

x 2[k]=x[k]+a2*s[k];
}
faz = PVmodel (x_2);

else{
au = az2; fau = faz2;
a2z =al; fa2 = fal;
al = (l-tau) *aL+tau*au;
for (k=0; k<3; k++) {
x 1lk]=x[k]+al*s[k];
}
fal = PVmodel (x_1);
}
}
returnGold[0] = al;
returnGold[l] = fal;
returnGold[2] = x 1[0];
returnGold[3] = x 1[1];
returnGold[4] = x 1[2];
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return returnGold;

int a, aa, b, bb, n, m, mm, jj, kk, Nmax;

double xcur[3], xcur2[3], xcur3[3], xdes[3], xbegin[3];
double fbegin;

double xstore[3], fstore, astore;

double search[3], search2[3];

double psearch[3][3]={{1,0,0},{0,1,0},{0,0,1}};

double msearch[3][3]={{-1,0,0},{0,-1,0},{0,0,-1}1};
double fdiff, xdiff;

double *solutionl, *solution2;

double returnPattern([5];

double *AnsGold;

double *PatternSearch (double tol, double *x, double lowbound, double

intvl, int ntrials) {

for (a=0; a<3; a++) {

xdes[a] = x[a]l;

}

Nmax =100; // total pattern step

for (n=0; n<Nmax; n++) {

for (a=0; a<3; a++){
xbegin[a] = xdes[a];

}

fbegin = PVmodel (xbegin) ;

for (a=0; a<3; a++) {
xcur[a] = xdes[a];

}

if(n>=2){ //powell shift
for (aa=0; aa<?2; aa++) {
for (bb=0; bb<2; bb++) {
psearchlaa] [bb] = psearchlaa+l] [bb];
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for (bb=0; bb<3; bb++) {
psearch[2] [bb] = search2[bb];
}
for (aa=0; aa<3; aa++) {
for (bb=0; bb<3; bb++) {

msearchl[aa] [bb] = -psearchlaa] [bb];

1
for (mm=0; mm<3; mm++) {

// for univariate iteration

solutionl = GoldSection nVar(tol, xcur, psearch[mm],
lowbound, intvl, ntrials);
if (solutionl[0] <= lowbound) {
solutionl = GoldSection nVar(tol, xcur, msearch[mm],

lowbound, intvl, ntrials);

xcur[0] = solutionl[2];
xcur[1l] = solutionl[3];
xcur[2] = solutionl[4];
}
else(
xcur[0] = solutionl[2];
xcur[1l] = solutionl[3];
xcur[2] = solutionl[4];
}
fstore = PVmodel (xcur) ;

astore = solutionl[0];

xcur?2 [mm]=xcur [mm] ;

}
printf ("\n");

search2[0] = xcur2[0] - xbegin[0];
search2[1] = xcur2[1l] - xbegin[l];
search2[2] = xcur2[2] - xbegin[2];
solution?2 = GoldSection nVar (tol, xcur2, search?2,

lowbound, intvl, ntrials);

_88_



1 Energy Conversion
—l Circuit Laboratory

if (solution2[0] <= lowbound) {
search2[0] -1*search2([0];
search2[1] -1l*search2[1];

search?2[2] = -1l*search2[2];

solution2 = GoldSection nVar(tol, xcur2, search2,

lowbound, intvl, ntrials);

xcur [0] = solution2[2];
xcur[1l] = solution2[3];
xcur[2] = solution2[4];
}
else(
xcur[0] = solution2[2];
xcur[1l] = solution2[3];
xcur[2] = solution2[4];
}
xstore[0] = xcurl[0];
xstore[l] = xcur[1l];
xstore[2] = xcur[2];
fstore = PVmodel (xcur) ;

astore = solution2[0];

fdiff = PVmodel (xcur)-fbegin;

if (fabs (fdiff)<le-8) {

%$f \n", xstore[0]);
%f \n", xstorell]);

$f \n", xstorel[2]);

printf ("x result[0]

printf ("x result[l]

printf ("x result[2]

break;
}
xdes[0] = xcur[0];
xdes[1l] = xcur[l];
xdes[2] = xcur([2];
xdiff = (xcur-xbegin) * (xcur-xbegin) ;

if (fabs (xdiff)<le-8) {
printf ("x result[0] = %$f \n", xstore[0]);

%$f \n", xstore[l]);

printf ("x result[l]
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printf ("x result[2] = %$f \n", xstorel2]);

printf("f result = %f \n", fstore);

printf ("a result

break;

}

returnPattern[0
returnPattern[1l
returnPattern (2

[3

returnPattern

returnPattern[4] =

]
]
] =
]

%$f \n", astore);

astore;
fstore;
xstore[0];
xstore[1l];

xstore[2];

return returnPattern;
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OpenSimUser

g nInputNodes = nInputCount;
g nOutputNodes = nOutputCount;

double X[3] = {0, 0, 1}; // initial of Rs, Gsh, A

ANS3=PatternSearch(le-5,X, 0, 1, 30); // (tol, x, lowbound,

incval, ntrials)
Rs = ANS3[2];
Gsh = ANS3[3];
A = ANS3[4];
Rs stc = Rs;
Gsh stc = Gsh;
A stc = A;

printf ("A stc = %f \n", ANS3[4]);

TK stc = TK;
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RunSimUser

g nStepCount++;
/// Input data for extraction ///

Isc stc = Isc;
Voc stc = Voc;
Impp stc = Impp;
Vmpp stc = Vmpp;

s = 1in[3];

TK = in[2] + 273;

s/1000;
tt = in[2]-25;

SS

Vt = (Vol*TK) /qg;

Isc = Isc stc*ss+ki*(tt);

Voc = Voc _stc+Ns*A stc*Vt*log(ss)+kv* (tt);
Impp = Impp stc*ss+ki* (tt);

Vmpp = Vmpp stc+Ns*A stc*Vt*log(ss)+kv* (tt);

P panel = Impp*Vmpp;
out [0] = P panel;

printf ("Voc OPEN2 = %f \n", Voc);

double X[3] = {0, 0, 1.5}; // initial of Rs, Gsh, A

ANS4=PatternSearch(le-5,%X, 0, 1, 60); // (tol, x, lowbound,
incval, ntrials, )

v=in[0];

current=in[1l];

Rs =ANS4[2]; Gsh=ANS4[3]; A=ANS4[4];

yll = -Voc/ (Ns*A*Vt) ;
Io = (Isc-(Voc-Isc*Rs) *Gsh) *exp(yll);
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y22 = -yll;
Iph

Io*exp (y22) +Voc*Gsh;
y55=(v+ current*Rs)/ (Ns*A*Vt) ;
current = Iph - Io* (exp(y55)-1)-(v+ current*Rs) *Gsh;

p= current*v;

Isc = Isc stc;

Voc Voc stcy;
Impp = Impp stc;

Vmpp = Vmpp_ stc;

out[l] = p;

out[2] = current;
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Datasheet-based Modeling of Photovoltaic Panel

and Its Applications

Jun-Young Park

School of Electrical Engineering,
The Graduate School,
University of Ulsan

Supervised by Prof. Sung-Jin Choi

ABSTRACT

As a simulation engine of PV simulator, PV model is becoming important in development of
PV power conditioning system (PCS) for tests and evaluation of system performance. Because
of the dynamic output characteristic of PV panel according to varying temperature and
irradiation, it is important to replicate the PV panel and PV simulators are usually used to
verify and develop the system. Therefore, an equivalent circuit model that can simulate the
output characteristic of PV panel is necessary in phase of the development.

In this paper, a novel PV datasheet-based equivalent circuit model that can simulate the
characteristic of PV panel is presented. The proposed model is presented to improve a
drawback of the conventional modeling method. The proposed method adopts an optimization
method and a dynamic datasheet update to improve the model accuracy. Verification of the
proposed model compared with conventional method follows an ENS50530 standard. The
proposed model can be applied to PSIM model for simulation or implemented as PV simulator
engine for development of PV system. Software implementation can be achieved using only
PSIM program to increase the user’s usability and convenience. Hardware implementation
consist of the DC supply, Buck converter, and current controller. As a result, this paper
presents a novel datasheet-based modeling method that can be used in both software and

hardware experiments.
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