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Abstract— Conventional popular maximum power point 

tracking (MPPT)  methods  are  effective  under  uniform  

solar  irradiance. However,  the  main  contribution  of  this  

paper  is algorithm  to  track  the  global  maximum  GP  

under  solar  irradiance mismatching  conditions  or  

partially  shaded  conditions (PSCs), because  this algorithm 

is  more  practical  and  the  multiple  local maxima  can  be  

exhibited  on  the  power-voltage  characteristic curve, where 

the photovoltaic characteristics get more   complex with 

more than one peaks. The algorithm proposed is simple and 

can be computed very rapidly, Matlab / Simulink is 

employed for simulation studies. 

Keywords-component; (MPPT) methods; global maximum 

GP; shaded conditions; photovoltaic. 

I. INTRODUCTION 

The renewable  energies  especially  photovoltaic  
technology (PV)  represents  an  alternative  by  excellence  
and  it  is increasingly used in today. This type of energy is 
not only free and inexhaustible, but also cleans the 
environment. Moreover, we  often  speak  of  a  "green  
energy", as  totally  avoids  the pollution produced by 
traditional sources. 

Photovoltaic    (PV)    is    a    method    of    generating    
electrical  power    by  converting  solar    radiation    into    
direct    current  electricity    using    semiconductors    that    
exhibit    the photovoltaic effect. 

The    functioning    of    a    photovoltaic    array    is    
impacted    by  temperature,    solar    irradiance,    
shading,  and    array  configuration.    Frequently,  the  PV  
arrays  get  shadowed, wholly or partially.  When the array 
is operated under partially shaded  condition,  the  P-V  
characteristic  becomes  more complex  with  multiple  
maximum  power  points  (MPP), mentioned  above,  can  
fail  to  track  the  absolute  MPP.  To overcome this  
problem,  more  complex  algorithms  have  been 
developed [1]-[2]. 

Because  of  the  partial  shading  conditions  (PSC)  
occur  quite common  due  to  clouds,  trees,  or  buildings,  

it  is  necessary  to develop  special  MPPT  schemes  that  
can  track  the  real MPP under PSC.   

In  spite  of  some  researchers  have  worked  on  real  
MPP tracking  under  partial  shading  conditions  [3]-[4], 
the  methods have    some    drawbacks    with    
complexity    of    method,  tracking  failure  according  to  
the  real  MPP  position,  and difficulties  on  the  
application  to  the  installed  power conditioning system, 
etc. 

This  paper  proposes  a  novel  algorithm  to  track  the  
global power  peak  under  partially  shaded  conditions.  
Based  on  an extensive study of partially shaded PV 
arrays.   

The simulation results are presented to verify the 
performance of proposed algorithm. 

II. PV ARRAY CHARACTERISTICS UNDER UNIFORM 

CONDITIONS. 

The  solar  cell  can  be  represented  by  the  electrical  
model shown  in"  Figure  1".  Its  current  voltage  
characteristic  is expressed by the following equation (1): 
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Figure 1. Equivalent circuit of a solar cell. 
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Where  I  and    V  are  the  solar  cell  output  current  
and  voltage respectively,  , Iph represents the photovoltaic 
current , q is the charge of an electron,  N is the diode 
quality (ideality)  factor, k  is  the  Boltzmann  constant,  
and    Rs  and  Rsh are  the  series. and  shunt  resistances  
of  the  solar  cell.  Id1,  Id2,  are  the currents  of  diode  1  
and  diode 2,  Ish  is  the  shunt  résistance current. 

When the photocurrent equal: 
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∆T  =T−Tn  (being  T  and  Tn  the  actual  and  nominal 
temperatures  [K]),  G [W/m

2
]  is  the  irradiation  on  the  

device surface, and Gn is the nominal irradiation.  
And currents diodes are: 
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Where I01 and  I02 are the reverse saturation currents 
of diode 1  and  diode  2,    VT1  and  VT2 are  the  thermal  
voltages  of respective  diodes.    a1 and    a2 represent  
the  diode  ideality constants. 
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Isc: short circuit current [A].  
Ki: cell’s short-circuit current temperature coefficient.  
Voc ; open circuit voltage .  
A : ideal factor.  
Shunt current equal: 
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With Vm is  module  voltage  and Ns is  number  of  
cell  in series. 

The PV array used in this paper is a combination of 3 
series of  KC200GT modules.  Series  combination  of  
modules  was chosen  to  obtain  higher  output  voltage  of  
PV  module.  The KC200GT  module  itself  is  composed  
of 54  silicon  cells connected  in  series.    Each  module  
can  generate  current  up  to 8.21 A  and  a  voltage  of 
32.9  volts  "Figure  2"  in  standard condition .and give 
rise to the maximum power of 200 W peak at  standard   
testing    conditions  (25  °C,  1000W/m²  and 
AM=1.5)"Figure 3".

Figure 2. KC200GT module I-V curve at various temperatures.

Figure 3. KC200GT module P-V curve at various temperatures. 
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Figure 4. KC200GT module I-V curve at various insolations.  

Figure 5. KC200GT module P-V curve at various insolations. 

If three  panels connected  in  series with  uniform  
insolation have been considered, the MPP value is p=600 
w.

III. PV ARRAY CHARACTERISTICS UNDER

PARTIAL SHADING CONDITIONS 

The  considerable  advantage  of  modeling  and  
simulation method  in  this  research  is  to cover  different  
scales  of  a  PV system  under  both  normal  and  partial  
shading  conditions, without  analyzing  the  in-depth  
semiconductor  physics definitions [5]. 

There are times where some part of the PV arrays 
might be shaded  by  heavy  cloud,  trees,  or  nearby  
buildings  [6, 7].The  P–V characteristic  of  the  PV  array  
exhibits  multiple  local maxima and only one of them 
corresponds to the global MPP. 

If  there  is  one  shaded  panel  in  a  series  connected  
array,  it can then act as a load to the array. The shaded PV 
cells absorb a  large  amount  of  electric  power  generated  
by  other  PV  cells that  receive  high  illumination  and  
convert  it  into  heat.  This situation  is  called  the  hot-
spot problem.  This is  often resolved with  the  inclusion  
of a  bypass  diode  to  a  specific  number  of cells in the 
series circuit [8]. 

The  bypass  diodes  are  connected  in  anti-parallel  
with  each panel,  and,  in  case  of  the  panel  being  
shaded  current  flows through the bypass diode rather than 
through the panel [9]. 

For  this  study,  three  panels  connected  in  series 
with  non-uniform  insolation have  been  considered.  The  
same  concept can  be  extended  to  a  number  of  panels  
connected  in  series.  

"Figure  6".  Shows  that  the  series  connection  of  
three  panels with 3 bypasses diodes. 

Figure 6. Schematic of 3 Series modules with bypass diodes. 

Figure 7. The resulting simulation I–V curve 

The  inserted  bypass  diodes  may  cause  multiple  
peaks  are established  in  the I-V  and P-V characteristic  
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curves  under partial  shaded  conditions  as  shown 
"Figure 8" and "Figure 9" [6, 10-11]

Figure 8. The resulting simulation P–V curve at shading 

conditions.. 

IV. PROPOSED GLOBAL MAXIMUM TRACKING

ALGORITHM 

Few researchers  [12]–[13]  have  worked  on  GP  
tracking schemes for PV arrays operating under non 
uniform  insolation conditions.  Miyatake  et  al.  [13]  
have  reported  an  MPPT scheme  that  uses  Fibonacci  
sequence  to  track the  GP  under partially  shaded  
conditions.  In  [14]  a  review  on  the  state-of-the-art  
maximum  power  point  tracking  (MPPT)  techniques 
existing  is  presenting  by  Kashif  et  al. But  in [15] 
authors said that the "Power Curve Slope" MPPT method 
is effective under shading conditions. In  this  technique,  
the  sign  of  ∂P/∂V  at different  points  is  used  to  track  
the  global  maximum,  the change  of ∂P/∂V sign  from  
negative  to  positive  indicates  the existence of another 
maximum on the right side of the existing one  [16].  If  a  
local  maximum  is  found,  as  indicated  by  the change  
of the  sign  of  ∂P/∂V,  it  is  compared  with  the  stored 
maximum.  If  the  detected  local  maximum  is  greater  
than  the stored  maximum,  the  stored  maximum  will  be  
updated.  

Authors  in  [17]  give  Comparison  between  
conventional methods and GA approach for maximum 
power point tracking of shaded solar PV generators.  

The presence of multiple peak reduces the 
effectiveness of the existing MPP tracking (MPPT) 
schemes. There is a need to develop  special  algorithm  
that  can  track  the  GP  under  these conditions.  This  
paper  proposes  a  simple  algorithm  that  can give this 
operation. 

     Where  the  principal  idea  for  this  algorithm  that  
track  the power  local  maximum  peaks  by  the  tracking  
of  current  and voltage  (P=V*I)  and  compared  it  to  
detected  the  global  peak power.  In another hand  this  
algorithm  has  the  advantage  of  a very  quick  and  it  is  
able  to  eliminate  the  store  of  values (V  and  I),  that  is  
to  say  this  algorithm  not  needs  data  base measures.  
The  stapes  of  proposed  algorithm  as  shown  in  the 
flowchart  "Figure 9" 

.The  proposed  MPPT  does  not  present any 
complexity compared to the classical ones. 

Figure 9. Flowchart for the proposed algorithm. 

V. RESULTS AND DISCUSSION 

This  section  presents  the  simulation  results  with  
the proposed  algorithm,  the  first  step  of  this  study  is  
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aimed  to simulate  the  characteristics  of  three  panels 
KC200GT connected in series response during the 
partially shaded where we chose the parameters of test :  

The  first  group  under  uniform  insolation G1=  1000  
w/m

2
, the  second  group  is  shaded  by G2=250  w/m

2

 and  the  third group is shaded by G3=500 w/m
2

. When the first group current becomes  greater  than 
second  and  third  groups  current,  the shaded  modules  
absorbs  energy.  To  solve  this  problem,  a bypass diode, 
connected in parallel to every group.  

The  second  step  is  tracking  of  the  maximum  
global  power where it is based on two phases:  

 The  first  to  find  the  locals peaks,  the  system  
scans  the power  values periodically  to  find  all  peaks, 
shown  in "Figure 10".

Figure 10. Search of maximum local peaks. 

The  second  phase  with  the  comparison  process the  
algorithm  gives  the  maximum  global  peaks  which  is  
the maximum power point, shown in "Figure 11".

Figure 11. Search of maximum global peak power. 

VI. CONCLUSION 

In  this  paper,  a  novel  and  simple  approach  for  
tracking  a global maximum power under phenomena of 
partial shadings is proposed  and  a  simulation  of uniform  
insolation  and shading effects in PV arrays has been done.   

The  results  acquired  during  the  simulations  it  
indicate  that the  response  of  proposed algorithm  is  
perform  with  influence of  this  conditions  and  it  is  
capable  to  track  the  MPP  with  simplicity ,fast 
response, and  high precision. 

The following conclusions emerge from this study:  
1)  The  hot-spot is  a problem caused  where the  

shaded  PV cells  absorb the electric  power  generated  by  
other  PV  cells with uniform insolation and convert it into 
heat.   

2)  The shaded  panels  should  be  bypassed  by  a  
diode bypass when they are in series connection.  

3)  The  presence  of  multiple  peaks  is  a  need  to  
develop special  algorithm  that  can  track  the  GP  under  
shading conditions. 

Number of peaks power = number of shaded panels 
+1.  

5)  Power  result  by  PV    cells under  shading  
conditions is very small with PV  cells are under uniform 
insolation.  

The  authors  intend  to validate  the  results  with all  
types of DC- DC  converters  and  to  implement  them  
on DSP  for experimental validation. 

REFERENCES

[1] P. Hiren and V. Agarwal, “Maximum power point tracking scheme  
for pv systems operating under partially shaded conditions, ” IEEE  
Trans. on Ind. Electron., Vol. 55, No. 4, April 2008, pp. 1689–
1698. 

[2] L. Nguyen and Kay-Soon Low, “Global maximum power point 
tracking scheme  employing  direct  search  algorithm  for  
photovoltaic  systems,” IEEE Trans. Ind. Electron,vol. 57, no. 10, 
p. 3456–3467, October. 2010. 

[3] K.Kobayashi,  I.  Takano and  Y.  Sawada,  “A  study  on  a  two  
stage maximum  power  point  tracking  control  of  a  photovoltaic  
system  under partially  shaded  insolation  conditions, ”  in  IEEE  
Power  Eng.  Soc. Gen.Meet, 2003, pp. 2612–2617. 

[4] M.Miyatake,  F.Toriumi,   T.Endo,  and  N.Fujii,  “A  novel   
maximum power    point    tracker    controlling    several    
converters    connected to photovoltaic  arrays  with  particle  
swarm  optimization  technique”,  in Power Electronics and 
Applications, 2007 European Conference on, pp. 1-10.   

[5] M.Seyedmahmoudian,  S.Mekhilef ,  R.Rahmani ,  R.Yusof and 
E.Taslimi  Renani  “Analytical  Modeling  of  Partially  Shaded 
Photovoltaic Systems”. Energies January 2013, 6, 128-144.  

[6] Carannante, G., et al“ Experimental performance of MPPT 
algorithm for photovoltaic sources subject  to inhomogeneous 
insolation”.  Industrial Electronics, IEEE Transactions on, 2009. 
56(11): p. 4374-4380.   

[7] Giraud, F. and Z.M. Salameh “Analysis of the effects of a passing 
cloud on  a  grid-interactive  photovoltaic  system  with  battery  
storage  using neural  networks”.  Energy  Conversion,  IEEE  
Transactions  on,  1999. 14(4): p. 1572-1577.   

[8] S.Silvestre,A.Boronat  and  A. “Chouder  Study  of  bypass  diodes 

Proceedings of The first International Conference on Nanoelectronics, Communications and Renewable Energy 2013 235

ICNCRE ’13 ISBN : 978-81-925233-8-5 www.edlib.asdf.res.in

D
o
w
n
lo
a
d
e
d
 f
ro

m
 w

w
w
.e

d
lib

.a
sd

f.
re

s.
in



configuration on PV modules”. Appl. Energy 2009, 86, 1632–1640.  

[9] R.Ramaprabha, and B.L.Mathur “Matlab based modelling  to study  
the influence  of shading  on series connected  SPVA” Second  
International Conference  on  Emerging  Trends  in  Engineering  
and  Technology, ICETET-09.  

[10]  Hsu,  Y.-J.W.P.-C.,  “  Analytical  modeling  of  partial  shading  
and different  orientation  of  photovoltaic  modules”.  IET Renew.  
Power Gener, 2010. Vol. 4(Iss. 3): p. 272-282.   

[11] V.Agarwal and P. Hiren “ Matlab-based ;odelling to study the 
effects of partial shading  on pv  array  characteristics”.  IEEE  
TRANSACTIONS ON  ENERGY  CONVERSION,  VOL.  23,  
NO.  1,  MARCH  2008.  Vol. 23(No. 1): p. 302-310.   

[12] M.  Miyatake,  T.  Inada,  I.  Hiratsuka,  H.  Zhao,  H.  Otsuka,  
and  M. Nakano,“Control characteristics of a Fibonacci-search-
based  maximum power  point  tracker  when  a  photovoltaic  
array  is  partially  shaded,” inProc. IEEE IPEMC, 2004, vol. 2, pp. 
816–821.   

[13] E. V. Solodovnik, S. Liu, and R. A. Dougal, “Power controller 
design for maximum power tracking in solar installations,”IEEE 
Trans. Power Electron. vol. 19, no. 5, pp. 1295–1304, Sep. 2004.  

[14]  I.  Kashif,  Z.  Salam  “A  review  of  maximum  power  point 
tracking  techniques  of  PV  system  for  uniform  insolation  and 
partial  shading  condition” Renewable  and  Sustainable  Energy 
Reviews 19 (2013) 475–48A.  

[15]  A.  Bidram,  A.  Davoudi,  and  R.S.  Balog,  “Control  and  
Circuit Techniques  to  Mitigate Partial Shading Effects in 
Photovoltaic Arrays” IEEE Jourrnal of  Photovoltaics, vol. 2, no. 4, 
Oct.2012. 

[16] H. Patel and V. Agarwal, “Maximum power point tracking 
scheme for PV systems operating under partially shaded 
conditions,” IEEE Trans. Ind.Electron., vol. 55, no. 4, pp. 1689–
1698, Apr. 2008.  

[17] Yousra  Shaiek,  Mouna  Ben  Smida,  Anis  Sakly  and  
Mohamed  Faouzi Mimouni “Comparison between conventional 
methods and GA approach for  maximum  power  point  tracking  
of  shaded  solar  PV  generators” January 2013 Solar Energy 90 
(2013) 107–122 

Proceedings of The first International Conference on Nanoelectronics, Communications and Renewable Energy 2013 236

ICNCRE ’13 ISBN : 978-81-925233-8-5 www.edlib.asdf.res.in

D
o
w
n
lo
a
d
e
d
 f
ro

m
 w

w
w
.e

d
lib

.a
sd

f.
re

s.
in


