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CHAVAREE THUEANPANGTHAIM : MAXIMUM POWER POINT
TRACKING FOR STAND-ALONE PHOTOVOLTAIC SYSTEMS USING
CURRENT-BASED APPROACH WITH FUZZY LOGIC CONTROLLER.
THESIS ADVISOR : ASSOC. PROF. KONGPAN AREERAK, Ph.D.,

180 PP.

STAND-ALONE PHOTOVOLTAIC/MAXIMUM POWER POINT TRACKING/

SOLAR ENERGY/POWER ELECTRONICS/AUTOMATIC CONTROL

Presently, solar energy is widely used with electric energy technology. Solar cell
is interesting because it is an electronic device which directly converts solar energy into
electrical energy. Normally, the control system with maximum power point tracking can
provide the maximum power from the solar cell at each irradiance. Therefore, this
research thesis proposes current-based method for the maximum power point tracking of
stand-alone system. The proposed method directly focuses on the change of photovoltaic
current that can improve the tracking performance compared with the conventional
perturb and observe (P&O) method. In order to increase the efficiency of the maximum
power point tracking, the proposed control system using the fuzzy logic controller with
current-based method is also described in the thesis. To verify the advantage of the
proposed method, the simulation and the experimental results from the hardware
implementation are used. The results show that the current-based approach with fuzzy
logic controller can provide the better performance in both transient and steady-state

power responses compared with the current-based and conventional P&O methods.
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M5199 6.2 HANMINATOUYANATDUNTANTDIIAMAIGITAAGIBIUNIUUAZTUNA

ATUTULLES NNATUDUNA nA B UNA
(W/m’) Vou ) | 1oy A | By W) | Ve V) | 1 A | R (W)
200 27.1 0.518 14.04 12.50 0.729 9.11
400 27.2 0.664 18.06 12.73 0.878 11.18
600 27.9 0.743 20.73 12.74 0.982 12.51
800 27.6 0.818 22.58 12.80 1.042 13.34
1000 25.4 0.950 24.13 12.80 1.130 14.46

M5199 6.3 HANMINATOULANATOUNTAMTVOYAMAIFITAAIITOINTZIE

ANMTULLE NAUDUNA NNATUDUNA
(W/m’) Vo, V) | 1, @A) | Py W) | Vo YY) | 1, @A) | R, (W)
200 24.4 0.584 14.32 12.43 0.754 9.37
400 259 0.714 18.49 12.63 0.963 12.16
600 24.5 0.866 21.22 12.70 1.142 14.50
800 226 1.016 22.96 12.71 1212 15.41
1000 23.7 1.042 24.70 12.74 1272 16.21

AT 6.4 HANINATOUFANATOUN1TANTOIIARAIGIGAR8IT DInTZUANTAIAIVAN

T
ATULLE NNAIUDUNA NNATUDUNA
(W/m’) V,, (V) loy A | P, (W) |V, (V) I (A) P, (W)
200 29.4 0.518 15.23 12.04 0.826 9.95
400 28.9 0.642 18.55 12.18 1.049 12.78
600 26.9 0.799 21.49 12.27 1.184 14.53
800 24.6 0.965 23.74 12.33 1.256 15.49
1000 22.4 1.126 25.22 12.36 1.343 16.52
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Tilsunsumsausesgamasgegadioisonszualuyauden MATLAB FUNCTION U
Tilsunsuduiagy SIMULINK lu MATLAB
sk sk she sk sk sie sk sk sk sk sk sk sk sk sk sk skeosk st sk st sk skeosk skeosk skeosk skeosk skeoskoskeoskoskeoskoskeoskoskoskoskoskoskoskoskeoskoskoskoskeskoskeskoskeskeoskeoskoskoskoskoskoskoskokoskokoskokosk skekoskokoskokoskok
function Iref = mppt(delPLIref old,t)
es=10; %AHUAMANNHANA A
if  t<0.1
Iref=0.5;
else
=0.001:  %fwuammsalasumlasnszualwih Al g
%15UnsuMIAUToEYAMIaIgIgARIeIBoInTZId
if (abs(delP]) <= es)
Iref=Iref old;
elseif (delPI > 0)
Iref=Iref old+II;
else
Iref=Iref old-1II;
end
end

end
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ok sk sk sk sk sk sk sk sk sk sk sk sk sk s sk sk sk sk sk sk sk sk sk ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skok sk skskosk ok

Tilsunsumsmusosgamasgegadieitonszud Smsuszuuaduaseinduuudasy
>k sk sk sk sk sfe ske sk sk sk ske sk sk sk ske s sk sk she sk sk sk sfe sk sk sk sk sk sk sk sk she sk sk sk sk sk sk st sk sk sl sk sk sk sk sk sk sk sk sie sk sk sk sie sk sk s sieoske sk sk ske sk sk sk skeosie sk skeoskeosieok skoskosk sk
vtlszmeadusuasfmuamiududmsumssauga MPPT dluduaunaiion
#include <avr/io.h>

float es,Vr,P_n,V_n,C n,Deltha P n,Deltha V_n,Deltha C n,Deltha PandC n,Deltha Istep;
float P n1=0,V_n1=0,Deltha P n1=0,Deltha V_n1=0,Deltha C n1=0,C n1=0.5;

float Voltage Sense,Voltage Actual,Current Sense,Current Actual,Power Actual,
s%eimuaresdganud iU udynunIaTIITuLs IR uLaz nszue 1l

int Voltage Sensor=5;

int Current_Sensor=7,

vsilszmadudsiluduaviinudy
vvuaresdyanuvesulaidyanufiseailuieuzaon

int Read Voltage,Read Current;

int CS =41,

int SCX = 43;

int SDI = 45;

int LDAC =47,

int SHDN = 49;

vsilsymawsiiimoesginszua lilihvesdanuguitle %

float err,Up,Ui,Upi,Ui_new,Upi_i,U;

float kp=0.7747, ki=1301.732, Ui_old=0;

%M UA sampling time

float Ts=0.000625; //ms

sk sk s sk sk sk sk sk sk sk sk s sk sk sk s sk sk sk sk sk sl sk sk sk sk sk sk sk sk sk skoske sk steoske st sk ste sk stk sk sk skeosioske sk sk sk sk sk sk sk st sk sk skeoslok skeskeoskostko sk skeoskeotokoskokokok skekok
ouihgilafFunsdem CPU voswesalulasneuTnsamesaszga AVR titelFa
Foad0a152995 DAC

sk sk s sk sk sk sk sk sk sk sk s sk sk sk st sk sk sk sk sk sl sk sk sk sk sk sk sk sk sk skosk sk steosk stk sk ste sk sk sk sk skeosioske sk sk sk sk sk sk sk st sk sk skeoslok skeskeoskotkoskoskeoskotokoskokokok skekok
void Write. MCP4922(unsigned char DAC_Chanel,unsigned int DAC_Data)

{
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digitalWrite(CS,LOW);

switch(DAC_Chanel)

{

case 0x00 : DAC_Data [=0x3000;
break;
case 0x01 : DAC_Data |=0xB000;
break;

H

shiftOut(SDI,SCX,MSBFIRST,(DAC Data>>8)&0xFF);

shiftOut(SDI,SCX,MSBFIRST,DAC Data&0xFF);

digitalWrite(CS,HIGH);

digitalWrite(LDAC,LOW);,

digitalWrite(LDAC,HIGH);
}
void setup()
{
Serial.begin(19200);
Serial.begin(9600);
Serial.flush();

pinMode(CS,OUTPUT);

pinMode(SCX,0UTPUT);

pinMode(SDI,OUTPUT);

pinMode(LDAC,OUTPUT);

pinMode(SHDN,OUTPUT);

digitalWrite(CS,HIGH);

digitalWrite(SCX,LOW);

digitalWrite(SDLLOW);

digitalWrite(LDAC,HIGH);

digitalWrite(SHDN,HIGH);
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vuihilaiFudamuosuesa arduino [void loop] iteauseudemnszua IMihd1dedmsy
ATIAMAIFITAAI0ITOINTZLE
sk sk sfe sk sfe sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk st sk sk sk sk sk skeoske skeoske skeosk skeoskoskeosk skeosk skeoskosteosk steosk steosk skeosk skeoskoskeoskoskoskoskoskoskokoskokoskok skokoskok skesk skesk ok
void loop()
{ while(1)
{
%M I81UA1INNTATII LTI TThaziasmmuauns (4-2)
Read_Voltage=analogRead(Voltage Sensor);
'Voltage Sense=((float)Read Voltage)/1024*5;
Voltage Actual=(9.943*Voltage Sense)-0.2898;
%M IB1UAIINNITATITUNT A IThuazuasmauauns (4-8)
Read_Current=analogRead(Current_Sensor);
Current_Sense=((float)Read Current)/1024*5;
Current_Actual=(1.1044*Current_Sense)-0.0079;
% 115UNTUMIMNUTOEAMAIGITAAI0IB0INTZLLE
Power Actual=Voltage Actual*Current Actual;
V_n= Voltage Actual;
C_n= Current_Actual;
P _n=Power Actual;
Deltha V_n=V _n-V _nl;
Deltha C n=C n-C nl;
Deltha P n=P n-P_nl;
Deltha PandC_n=Deltha P_n/Deltha C n;
Deltha_Istep=0.03; warm3nfasumlaanszua i
if (abs(Deltha_PandC n) <= 50)
{
C n=C nl;
H
else if (Deltha PandC_n > 50)
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{
C_n=C _nl+Deltha_Istep;
H
else
{
C n=C_nl-Deltha Istep;
}

vatnggunszuda Tihvosdniuguitle
err=C_n-Current Actual;

Up=kp*err;

Ui=(ki*Ts*err)+Ui_old;

U=Up+Ui;

if (Upi_i>=5)

{ Upi_i=5; }
if (Upi_i<=0)

{ Upi_i=0; }
veulasmdyaaftneailueuzaenuazdeniowing vr 11810819935 DAC
Upi=Upi_i*4095/5;

Vr=Upi;
Write MCP4922(1,float(Vr));
Ui_old=Ui;
%OWANAIAGA
Deltha V_nl= Deltha V_n;
Deltha C_nl= Deltha C n;
Deltha P _nl= Deltha P n;
C nl1=C n;
V_nl=V n;
P nl=P n;

}
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FUNCTION v 11)sunsudu3aga) SIMULINK 11 MATLAB
sk sfe sfe s st sk she sie sk sk sfe sk sk sk sk she sk sk sk she sk sk sk sk ske sk sk sk sle sl sk sk sfe sk sk sk sk sk sie sk sk sk sie sk sk sfe sk sk sk sk ske sk sk sk sk sie sk sk sl sieosk sk sk skeosk sk sk skeoskoke skoskokokoskosk
function Iref = mppt(delPLIref old,t)
es=10; %MUUANIANVHANAIA
if  t<0.1
Iref=0.5;
else
M=absiD;  %mmafasuntlasnszua’lih Al s TUANNIAGIAIA U
%115unsuMInuIeegaaIgIganIeIsoenszud
if (abs(delP]) <= es)
Iref=Iref old;
elseif (delPI > 0)
Iref=Iref old+II;
else
Iref=Iref old-1II;
end
end

end
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sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk st sk sk ske sk sk sl sk sk sk sk sk st sk sk skeosiosk sk sk sk sk ste sk st sk sk sk sk sk st sk sk sk sk steosk stk sk skeoske st sk sk skeoslok skeskeoskotkokoskokokok skoekokok
ilszmeagaudsuazfmuamisududmsumssaumaa MPPT dluduaunaiion
#include <avr/io.h>

float es,Vr,P_n,V_n,C n,Deltha P n,Deltha V_n,Deltha C n,Deltha PandC n,Deltha Istep;
float P_n1=0,V_nl1=0,Deltha P n1=0,Deltha V_n1=0,Deltha C n1=0,C_n1=0.5;

float Voltage Sense,Voltage Actual,Current Sense,Current Actual,Power Actual,
v%efmuaresdyaud v Uy IUINNIATIIULTIAULa Nz T

int Voltage Sensor=5;

int Current_Sensor=7;

s%eilszmeadautlniluduauiud
s%mmuatesdyanavernimlasdyanafineailuueuzaen

int Read Voltage,Read Current;

int CS =41,

int SCX = 43;

int SDI = 45;

int LDAC =47,

int SHDN = 49;

vlszmemnaiimesgunszuda Iiihvesdaniuguitles

float err,Up,Ui,Upi,Ui_new,Upi i,U;

float kp=0.7747, ki=1301.732, Ui_old=0;

%M UA sampling time

float Ts=0.000625; //ms

% fhmuadnninesSuduvesdiniuauilyd

float e=0;

float mfe1=0.0,mfe2=0.0,mfe3=0.0;

float mf1=0.0,mf2=0.0,mf3=0.0;

float G1=0.0,G2=0.0,G3=0.0;

float num=0.0;
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float den=0.0;
sefmuamdumisileaidunaasnnuiuandndunavesiaiuguiled
float x1=0 ,x2=0 ,x3=20 ;
float x4=0 ,x5=20 ,x6=40 ;
float x7=20 ,x8=40 ,x9=40 ;
smuamdunisileadFunaasnnuiluaundnordnavesdanruauilad
float k1=0,k2=0.05,k3=0.1;
sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeosk skeosk skeosk skeoske sk sk steoske steosk steoske steoske steoske steoske steoske steoske steoske steoske steosk skeosk steosk steosk steosk stk stk skokoskokoskoskoskosk skosk skosk skosk skosk ok
vuhgilandumsdam cPU voswesalulasnouTnsamesaszna AVR tielda
Foad0a139995 DAC
sk sk sk sk sk sk sk sk sk sk sk s sk s sk s sk s sk s sk sk sk sk skeosk skeosie skeosie skeosie skeoske skeoske skeoske skesk skesk skeosk steosk skeosk skeosk steosk skeosk stk stk oskeoskoskeoskokoskokoskokoskokoskokoskoskoskoskosk
void Write MCP4922(unsigned char DAC_Chanel,unsigned int DAC_Data)
{

digitalWrite(CS,LOW);

switch(DAC_Chanel)

{

case 0x00 : DAC_Data [=0x3000;
break;
case 0x01 : DAC_Data [=0xB000;
break;

b

shiftOut(SDI,SCX,MSBFIRST,(DAC_Data>>8)&0xFF);

shiftOut(SDI,SCX,MSBFIRST,DAC_Data&0xFF);

digitalWrite(CS,HIGH);

digitalWrite(LDAC,LOW);

digitalWrite(LDAC,HIGH);
H
void setup()
{
Serial.begin(19200);
Serial.begin(9600);
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Serial.flush();
pinMode(CS,OUTPUT);
pinMode(SCX,OUTPUT);
pinMode(SDL,OUTPUT);
pinMode(LDAC,OUTPUT);
pinMode(SHDN,OUTPUT);
digitalWrite(CS,HIGH);
digitalWrite(SCX,LOW);
digitalWrite(SDLLOW);
digitalWrite(LDAC,HIGH);
digitalWrite(SHDN,HIGH);

b

sk sk sk sk sk sk sk sk sk sk sk s sk sk sk st sk sk sk sleosie sk st sk st sk sk sk sk sk sk skeoske sk sk steoske st sk sk sk stk sk skeoske st sk sk skt sk skeoske sk skeoskeostok sk stttk skeokotkokoskokokokoskeskok

1 Jd v 5 1 J y o =) [
%G AaNFUAIAIUBUDIA arduino [void loop()] 1B IUTRVFIAINTZUA IS 198 dm Ty
AUTOIYARAIGIGAAIGIT DI T

sk sk st sk sk sk sk sk sk sk sk st sk sk sk st sk sk sl sleoske sk sfeoskeosie sk sk sk s sk sk skeosteoske sk steoske st sk sk sk s sk sk sk sieoske sk sk sk st sk sk sk st sk sk sleoskok sk skeoskotkosk skeoskeotokoskokokok skekok

void loop()
{

while(1)

{
%M IBINAININININTIVI VUL T ez lasmauanns (4-2)
Read Voltage=analogRead(Voltage Sensor);
Voltage Sense=((float)Read Voltage)/1024*5;
Voltage Actual=(9.943*Voltage Sense)-0.2898;
%M301UAINIATIUNTTue IThuazulasmauaums (4-8)
Read Current=analogRead(Current_Sensor);
Current_Sense=((float)Read Current)/1024*5;
Current_Actual=(1.1044*Current_Sense)-0.0079;
% lsunsumsannaummmas ihwazrassvesmunarilegiudumunaineunsh
Power_ Actual=Voltage Actual*Current_Actual;

V_n= Voltage Actual;
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C_n= Current_Actual;
P_n=Power_ Actual;
Deltha V_n=V _n-V nl;
Deltha C n=C n-C nl;
Deltha P n=P n-P_nl;

Deltha PandC _n=Deltha P_n/Deltha C n;

sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skosk sk sk ks skosk sk ok

[ =~ o J o |
%Iﬂﬁuﬂﬁllﬂﬁljﬁijﬂﬁﬂllﬁﬂ']ugm@Q@jﬂQﬂﬂuﬂmcﬁllagﬂTugmﬁ']ﬂ']WQﬂslfullﬁﬂQﬂfﬂlllﬂu

AUFNVOIDUNA

sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skosk sk sk sk ok

e=(abs(Deltha_PandC n));
if (e<=x3)
{

if (e<=x1)

{

mfel =1;
H
else if (e>=x2 && e<=x3)

{
mfel = (x3-e)/(x3-x2);

H

else

{
mfel =0;

b

if (e>=x4 && e<=x6)

{
if (e>=x4 && e<=x5)
{

mfe2 = (e-x4)/(x5-x4);
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}
else if (e>x5 & & e<=x6)

{
mfe2 = (x6-¢)/(x6-x5);

else

mfe2 = 0;
b
if (e>=x7)
{
if (e>=x7 && e<=x8)
{
mfe3 = (e-x7)/(x8-x7);
H
else if (e>x9)

{
mfe3 = 1;

else

mfe3 = 0;
H

A @ 4
%Lﬁuﬂﬁgj_l:]l:lﬂ']ﬁ@]3'J%ﬁ@‘ﬂﬁﬂ'lugell@\iﬁjllﬂilﬂ']ﬂw{‘r;l

if (mfe1>0)
{
mfl = mfel;
Gl =mfl*kl; }

else
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{

mfl = 0.0;

Gl =0.0; }
if (mfe2>0)

{

mf2 = mfe2;

G2 =mf2*k2; }
else

{

mf2 = 0.0;

G2 =0.0; }
if (mfe3>0)

{

mf3 = mfe3;

G3 =mf3*k3; }
else

{

mf3 =0.0;

G3 =0.0; }

% =2

g A A o o AY asxa o {
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num = G1+G2+G3;
den = mfl+mf2+mf3;

Deltha_Istep=num/den;

sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok sk ok ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skosk sk skoskoskoskosk sk ok

o w Y adaAa d’w 1 [ =S
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if (abs(Deltha PandC n) <= 50)

{

C n=C nl;

H
else if (Deltha PandC_n > 50)
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{
C_n=C nl+Deltha Istep;
H
else
{
C n=C_nl-Deltha Istep;
H
vetnggilnazua ihvesdnruguitle
err=C_n-Current_Actual,;
Up=kp*err;
Ui=(ki*Ts*err)+Ui_old;
U=Up+Ui;
if (Upi_i>=5)

{ Upi_i=5; }
if (Upi_i<=0)

{Upi_i=0; }
ulasmdyanuasaeaiiuueuzasnuazdiauerdna vr 1811812993 DAC
Upi=Upi_i*4095/5;

Vr=Upi;
Write MCP4922(1,float(Vr));
Ui_old=Ui;
%BNWANAIAIYA
Deltha V_nl=Deltha V n;
Deltha C nl=Deltha C n;
Deltha P _nl= Deltha P n;
C nl1=C n;
V_nl=V n;
P nl=P n;

}
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e,=0.1
ANV (W/m) Ve, (V) Iy (A) P, (W)
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1000 25.0 0.921 23.025
e,=0.5
AMMTULLES (W/m) Ve, (V) oy (A) P, (W)
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1000 25.4 0.938 23.825
e.=1
AUALET (W/m) Ve, (V) Iy (A) P, (W)
600 27.9 0.743 20.730
1000 25.4 0.950 24.130
e.=5
AMMTULLES (W/m) Ve, (V) loy (A) P, (W)
600 27.9 0.739 20.618
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The Maximum Power Point Tracking for

Stand-Alone Photovoltaic System using Current
Based Approach

Chavaree Thueanpangthaim, Patumporn Wongyai, Kongpan Areerak” and Kongpol Areerak
Power Electronic, Energy, Machines and Control Research Group
School of Electrical Engineering, Institute of Engineering, Suranaree University of Technology
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Abstraet— This paper presents the maximum power point
tracking for stand-alone photovoltaic system using current based
technig) This hod i, the disadvantage of
conventional perturb and observe (P&O) technique in term of
both transient and steady-state responses. The simulation results
show that the proposed current based MPPT technique can
provide the maximum power point value closed to the
corresponding maximum power of photoveltaic for each
irradiance. Both transient and steady state responses are better
than those of conventional P&O technique.

Keywords— stand-al: ph ftaic; il power point
tracking; perturb and observe algorithm; current based maximum

power point tracking

I. InTRODUCTION

Presently, solar energy is widely used in the world becanse
it is clean, free and pollution-free. Thailand is lecated in the
subtropical region and possesses excellent sunshine conditions.
However, the efficiency of energy conversion of solar energy
into electrical energy is still low. Moreover, the receiving
energy depend on an environment and connected load. If
engineers can control the operating point of photovoltaic to the
maximum power point (MPP), the maximize power from the
photovoltaic can be achieved.

MPP can be determined by many techmiques, such as the
solar tracking by rofating solar panels toward the sun or the
maximum power point tracking (MPPT) by controllers. The
MPPT algorithm for the photovoltaic is sunple and widely
used. From a literatire survey of MPPT, many techniques such
as fractional open circuit voltage [1-3]. fractional short circuit
current [1-3], perturb and observe (P&O) [4-5], current based [6-

7], incremental conductance [s ], fuzzy logie {3 ][9] have been
used. However, it can be found that the P&O technique is one
of the most commonly used because of simplicity and ease of
implementation. The P&O approach is working well when the
irradiance changes slowly. However, it presents drawbacks
such as slow response, oscillation around the MPP in
steady-state, and poor tracking under changing conditions.
Therefore, this paper proposes the current based technique that
is improved from the current based algorithm in [3] and [4] by
concerning AP in the algorithm. It is to ensure that the

978-1.5090-4666-917/531 00 £2017 IEEE

maximum power point can be achieved. The current reference
for the maximum power point can be determined from the
proposed approach. After that a PI controller is used to control
such current to be equal to the resulting cwrrent reference via a
buck converter. The results will show that the proposed
technique can provide the better transient and steady-state
POWET response.

The paper is structured as follows. The characteristic of
photovoltaic is explained in section II. In section I, the
algorithm of curent based technique is fully presented. The
simulation results when the proposed MPPT technique is used
are shown in Section IV. Moreover, the comparison results
between the P&0 method and current based approach are also
illustrated in section IV. Finally, the section V concludes the
benefit of the proposed current based MPPT technique for
stand-alone photovoltaic.

II. CHARACTERISTICS OF PHOTOVOLTAIC

T 140

atiagn ) vmen e

Eig 1. _J-¥ and B-V characteristics of photovoltatc

Characteristics of photovoltaic are depicted in Fig. 1 in
wihich the I-V and P-V curves of photovoltaic are tested at
25°C and 1.000W/m’ as the standard condition. As can be seen
m Fig. 1. each nradiance can provide only one MPP.
The MPPT is used to control the system operated around
MPP. The voltage and current at MPP are set as Vi and Iy,
respectively. It can be seen from the I-V curve, the MPP is
changed when temperature and irradiance are changed. It is
important to operate photovoltaic at the maximum power
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condition. The proposed method will control the curent of
photovoltaic at L. As a result, the MPP can be achieved.

III. Proposep CURRENT Basep MPPT

A. MPPT for stand-slone photoveltaic system

The MPP can be determined by the MPPT. The MPPT is a
technique commonly used with photovoltaic systems to
maximize power extraction under all conditions. MPPT for
stand-alone photovoltaic system is shown in Fig. 2 in which
the MPP is determined from the MPPT algorithm. The DC/DC
converter is used to convert DC output voltage from PV panel
to the voltage level suitable for feeding battery or load. In this
paper, 40W PV panel. buck converter, and 12V battery are
used. As for MPPT algorithm, the proposed current based
technique is applied.

Load
PV DODC
o
Panel Converte
ine onverler By

MPPT

Algorithm

Fig. 2. Mavmum power point tracking for stand-alone photoveltaic systent

B. P&O technique

For P&O technique [1], PV panel voltage is perturbed by
changing the duty ratio (4Dstep) of DC/DC converter. To
achieve the maximum power, PV panel voltage is increased or
decreased. If ADstep is set as a high value, the transient
response will be fast. However, the oscillation in power
response at steady-state will be occurred. In contrast, if 4Dstep
is set as a small value, the transient response is very slow. The
disadvantage of changing ADstep is that the varying duty ratio
of DC/DC converter affects to the PV power indirectly. As a
result, the maxinmm power value may be incorrect as
expected. Therefore, this paper presents a current based MPPT
technique to handle such problem. A current based technique
uses a current ratio (Al:) instead of the duty ratio becanse
changing the current ratio can affect to the PV power directly.
As a result, this technique can provide smooth and fast
transient response.

C. Current based techniqire

As can be seen in P-I curve of Fig. 3. if the operating point
of the system 1s initially assumed at B. To achieve the MPP at
A, the operating point at B is moved to A: For this case, both
AP and Al are positive that result in AP/AT > 0. The PV panel
current should be increased by Iy + Al until fpy=lymp If the
operating point of the system is initially assumed at C. To
achieve the MPP at A. the operating point at C is moved to A
For this case, AP is positive, while AJ is negative that result in
AP/AI < 0. The PV panel current should be decreased by I~
Al wtil Jy=lywp In case of imadiance variation, the P-I

curve is depicted in Fig. 4. The operating point is imtally
assumed at the MPP for I; at B. If the iradiance is increased
to I, the MPP will be changed to A. The operating point
should be changed from B to A by using the same condition,
here is increasing cumrent. In contrast, if the irradiance is
decreased, the PV current should be decreased.

HIAR=D
=14l

®
o I

Fureas )

r—yry =

Fig 3. P-I curve of PV panel for current based

[

Fig 4. P-I curve for irradiance variation

As for temperature variation, the V-I curve of PV panel
will be considered as shown in Fig. 5. The initial operating
point is assumed at D that is the MPP of T;. If the temperature
is increased from Ty to T. the MPP is changed to E.
Therefore, the operating point should be changed from D to E
(4Fp < 0) by increasing the PV current. In contrast, if the
temperature is decreased (47, > 0), the PV current must be
decreased to achieve the new MPP.

Fig 5. V-Icurve for tempurature variation
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The flow chart of current based algorithin is depicted in
Fig. 6 as follows:

T VA

‘ Cabeulate

Pl = Vinpdint
AP =Pin) - Pin-1)
AW Wi - Vi) |
LAr=my-wep |

' T
Ilm"bll-'\lw'| [ ST v-..n_i omiedin- L Vst 1!»1:4}- huﬂ

1 1 1 ' ]

Vbelate
| Vi, Kerah, Pim) |

{ Rewm )

Fig 6. Flowchart of current based MPPT

IV. SpuLATION RESULTS

The considered system is shown in Fig. 7. It consists of PV
panel, MPPT current based controller, buck converter feeding
12V battery. The current and voltage of PV panel are
measured into the current based algorithm. The proposed
algorithm will provide the reference cwrrent in which the MPP
can be obtained. The PI controller will provide the control
signal for adjusting the pulse for the switch § of buck
converter to achieve the PV cwrent following on the
reference.

L
o

Fig. 7. The considered system

In order to show the feasibility and performance of the
proposed current based technique, the system of Fig. 7 is
simmlated via the SIMULINK and MATLAB with the PV
module conditions as given in Table [ and parameters of buck
converter as given in Table II.

TABLEL SPECTFICATION OF P\' MODULE
Parameter Value Details
Ve 43125V Open circuit voltags
Le 11A Short cirewt current
Vg BTV Maximum power point voltage
y - 1.033 A Maximum power point current
% 40W Rated maximum power (W)
TABLE Il PARAMETER OF BUCK CONVERTER
Parameter Value Details
Cr 100 uF Capacitor
C, 2200 uF Capacitor
L 10 mH Inductance
1 10 kHz Switching frequency
Vo 12V Output voltage

The smmulation results of the system in Fig. 7 with current
based algonitlin are shown i Fig. 8. Step changes of
irradiance equal to 600, 400, 500, 1000 and 800 W/m® at
temperature  25°C are applied. At imadiance equal to
1000W/m’, PV panel can generate power 40W in which this
value is the MPP for 1000 Whn’. If imadiance is decreased or
increased, the proposed techmique can track the power and the
MPP can be obtained.

The comparison results between P&O and cwrent based
technique are shown in Fig. 9 in which a step change of
irradiance equal to 500, 1000 and 750 W/m’® at temperature
25°C is applied. It can be seen that the proposed algorithm can
provide the better transient performance compared with P&O
technique. Moreover, for the steady-state response, oscillation
around the MPP is occurred for P&O method. The error of
MPP in steady-state under changing conditions can be also
found. In contrast, the current based technique can provide
the faster response as well as a good accuracy in steady-state
resporse.
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Fig. 8. Simulanon results of current based technique
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Fig 9. Simularion result of compare P&Q and current based

T o T

Fig. 10. Pawer transient at irradiance 1000 Wan®

The zoom area of transient response for 1000W/m’® is
shown in Fig. 10. It can be seen that the current based method
can provide the better transient response than those from the
P&O method. As for steady-state response, the zoom area of
power response for S00W/m® is considered as depicted in
Fig.11. The high oscillation is occurred when the P&O
method is applied. Moreover, the power delivered from PV
panel from the P&O method is lower than those from the
proposed MPPT method.

L

L - - Tepdl

Fig. 11. Steady-gtaté pewer af irvadiance 500 Win'

The percentage of increased power when using P&O and
current based MPPT technique compared with the system
without MPPT technique can be calculated by (1).

m_\.wm (1)

without
where Puper is the power from the MPPT methods, while
Pusiour is the power for the system without MPPT algorithm.
As for the irradiance equal to 500, 750 and 1000 W/, the
power of photovoltaic without MPPT techmque equal to 6.42,

, Pattaya, Thailand, 8-10 March 2017

9.72, 13.01 W, respectively. As a resull, the percentage of
increased power following on (1) is given in TABLE III. It
can be seen that the current based approach can provide
maximum power for each irradiance, especially the power at
irradiance equal to 750 W/m?.

TABLE IT PERCENTAGE OF INCREASED POWER
P&O Current based
Imadiance(W/nr) [ T e eeed | Pasrr | % of mcreased
(W) power (W) power
500 18.7 191.27 18.87 19392
750 2635 171.09 2037 20216
1000 40 20698 40 20698

V. CoNCLUSTION
The paper presents the current based MPPT technique for
maximize the PV panel power of stand-alone photovoltaic.
The simulation results show that the maximum power point
can be obtained via the proposed cument based MPPT
technique. The transient and steady-state responses of PV
power are better than those of P&O technique.
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ABSTRACT

This'paper present current based algorithm for the maximum power peint tracking of stand-alone
system. The proposed. aleonthm Can_improve theltracking jperfénmente wompared with the conventional
perturb and observe (P&O) method. The cument based algorithm directly uses the change of photovoltaic
current. As a result, the response and the achieved power are better than there of the P&O method. To verify
the advantage of the proposed algonthm, the simulation via MATLAB and the experimental results from the
hardware implementation are used. The results show that the curent based algorithm can provide the better
performance in both transient and steady-state response compared with the P&0 method.

Keyword: Stand-alone photovoltaic, Maximum power point tracking, Perturb and observe method,

Current based algorithm.
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