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Optimal Operation for A Faulted PV System Using Genetic Algorithm
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Ahstract

The need 1o optimize the operation of PV systems is justificd by the fact that PV systems are expensive
to huild, fuel- free source, and it is therefore natural that user of such systems would want them 1o perform
at their most optimal point. Under the faulted condition, the power curve bas a molti-peak aature;
conventional optimization techniques can easily fall down in locat optimal and initial point problems.
Genetic algorithm as a global optimization technique is adopted 1o optimize phoetovoltaic power sysiem
under diflerent faulted conditions. The proposed PV system and GA scheme is tested for the threc-array
PV system under different faulted conditions and the simulation results shown in the paper. it is shown

from the results that the genelic algorithm captured the exact optimization point accuralely.

1. lnatroduction

Pholoveliaic. PV. syslemn continues o gain wide
acceptanee as one of the energy solutions in the Niture
This has necessitated the need for rescarch clforts
aimed al nuproving the perfomance of such svsicms
As Lhe phatovoliaic power sysiem is a free-fucl source
of eleetric power. tracking the optimal operaling point
is @ very important issuc. Many researchers have
discussed this n a normal operating condition,

The power characleristic of PV pancl s dependent
on the hsolanion \cvel. cell temperature and arrav
voltage [1]. The power outpul increases with a steep
gradienl. proporlional to solar radiaiion. Al conslanl
temperature. the higher irradhance level resulls in
higher power and higher voliage. Temperalure increase
on the other hand has negative cffect on the power
generation of a PV svstem Higher cell lemperature
restths in lower open circuil vollages. The PV raling is
usually specificd at insolution level of 000W/m™ and
cell tcmperalure of 77" F.

The outpul of the PV system is funciion of the
solar radizbion. operating vollage. and the status of the
PV cell. as the solar radiation 1s vanong on hourly
basis. scasonallh basis. cle (24| Henge, we need (o
predict it so as (o we can hnow the expecled value of
cncrgy we will set And the most importint thing is to
decide what 1s the operating yoltage should be. which
can provide us with the maximum output power of the
PV svstem al cach s:uation

The existing PV faul analysis methods are himned
because of ther mabihiy o deermme the muinple
optimal pomts which, mayv lead to sub-optimal or local
optimal and the control techniques are not adequale
and has limited abntity Tor sclf~turing and stabilization,
Our mcthod used Genelic algorithm plans 10 overcone
these weak ponts tor optimal power (racking.

The classical oplinusation  techniques do  not
provide global optimization and can casilv be trapped
in locat oplimization. o aveid this, scveral emerging
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lechmques such as genetic algornthm and anncaling
methods are used. Genetie algorithm s a global
optimization techmque | 5] {Uis a stochastic scarcling
algorithm. exible and efhicient. i combines an
artilicial swrvival of the Nuest with genelic operators
abstracled from nature o form a sumrisingly robust
mechanism thal is suilable for a varicty oplimizalion
problem. GA hops randamly. thus il cscapes [rom (he
local optimum problem.  Therelore. the  global
optimum ol the problent can he approached with high

probabiliy,  Alse. GA scurches for many oplimum
pomts - parallel  GAs are part ol ¢volutionary
computing. which s growing arca of arlilicial
inlciligence,

This paper concentrales on the optimal tracking of
ihe PV svsiem al abnormal conditions. The proposed
GA scheme s tested on the three-array PV sysiem
based on actual radiation dati and the detailed resulis
are shown in the paper.

2. Solar Cell Models

There are different models can represent the solar
ccll. Here. varwons mathematical models of PV ¢ell are
bricNy described as follows [0-%}:

2.1.Simplificd Medecl
A solar cell is usually represented by a simplihied

clectrical cquivalent ong-diode model |6-7| as shown
w Figure 1.

L J

[
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Figore L. Simplificd Cauivatent Circuit of a Solar Cell

This simplificd equivalent circuit consists ol a
diode and a current source. which ace connccled in
parallel. The current source penerales the phole current
[ which 1s dircetly proportional Lo the solar radiation.
The p-n transition arca of the solar cell 1s cquivalenl (o
a big diode. The scriecs resistance R, represents 1hic
resistance inside cach ccll and in the conncelion
between the cclls. The net cursent s the difference
between (he photo current |y and the normal diode
current  lp. The V-l cquation ol the simplilied

cquivalent cireuit could be dernved rom Kirchhofl's

current law |6
{'(f' R J
Al
Cxp

! i;n’! h I!) B !ph h ;\ __::;,-_)a'“_ ! (1
Where:
L Photo currcnt
L Diode currcnt
Ly Diode reverse saturation current
m; Diode deally Inclor
K: Bollzmann's Constant
T: Abselute lemperature
¢ Charge ol an clestron

The simplificd equivaleni circuil is moderalcly
accuralg and most casy (o simufale but docs nol give an
optumal representation of the clectrical process al the
solar cell.

2.2, Modihed Model

Al real solar cclls vollage loss on the way (o (he
cxtemal contacts could be observed. This vellage loss
could be cxpressed by a series resistor R, Furthenmore
Icakage currents could be observed. which could be
described by a parallel resistor R, the current Bowing
on the parallel resistance Ry as represcented as shown in
cquation (2),

PR & . (2)

Dernved from KirchholT's first law the cquation
for the extended 1-V curve could be achicved.

!zlph_]f)_ip (3)

So. substituting with the value of the digde current and
the parallel branch current, the output current coudd be
represented by the lollowing cqualion:

o+ iR U+ IR
5 3

- |exp| — |-t |- —2 {4
ph s © w7 R )
! P

=1

This mpheil equation could not be solved (o get ¥
and 1 m such an casy wayv as the cquation Ilrom the
simphificd cquivalent eircuit. The equivalent circuil lor
modilicd model is shown in Figure 2.
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Figure 2. The Modilied Lquivalent Circuit of a
Salar Cell

2.3. Two-Diode Muodel

in this model. (wo dilTerent diodes wilh difTerent
diode ideally factors m connceled in parallel [6-8] Al
the cquations of the drede. it was alwayvs tahen lor
granted (hat there is no breakthrough at vperation in the
inhibited dircction ol the diode, but al high negauve
voitages a breakthrough at the solar ccll could be
obscrved. This was modeled at Figure 3 by a variable
current source | {V),).
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Figure 3. Two-{Yode bynvalent Corentt of a solar
cell

The -V curve of this equivalent cireuit can also be
derived Trom  the node-law  of Kirchhoff The
supplemieniary term of the cquation models when the
breakthrough at high negatine voltages is represcnted
as follows ) 8).

[ I+ il
U} 3
ml, il
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Where.

I\ Saturatton current of the first and sceond diode
R Senal resislance

Re Paralici resistance

m. m> Diode (actors ol the (irst and sceond diode

V) Temperature volliye

Vi Breahdown vollage

a. Corrcetion lactor

n: Exponent for avalanche breakdown

The two-diode cquivalent circurl 1s more accuriile
than the modificd cquivalent cirain but the wadeling
process s morc complicaled as well, The mwo-diode
cquivalent cirewt is given in Figure 3,

. [ .
In this rescarch. the modificd model 18 uscd as a
considerable accuraic njodel and casy 1o imploncn
ong,

3. Problem Formulation

The main purposc of the PV svstem Ul now 1s lo
work on a sland alone basies. Tracking the optimal
operaling point at # specific situation 1s the kev paint .
The prediction of optimal eperating points alfected by
radiation and. (cmperature and is dilTicult to predict by
classical cstimation approachcs

During faull. the output of the PV system has
multi-peak points So, the optimal PV pomls are
many. This 1s (o consider determining opcrating
points one suffers from 1the local maximum
problem Therefore, we proposed here a Genetic
Algonthm scheme that s capable of detecling
global optimal point  Howcver, the oplimal
tracking is the implementation of the electronic
converter, which can easily affect the ouiput
power, a good contre) schemc is necded to
stabilize the output during faulls Therefore, the
rescarch 15 aimed also o unilying emerging
technologies to improve the robustness of our
design.  Frgure 4 represents a schemalic diagram
of the proposed PV syslem-based GA. This
scheme 1s innovative and il involves:

{ay Photovolinic  svstcem medel  as  serics
paraliel of PV ¢clis subycel 1o abnormal
conditions such as clowds and  purtial
shadow,

(6) GA optimization wodel 10 track the
optimal operating point ol the total pewer
under different conditions

{cy Control module. in which the conlrpller
lakes the signal from the genctic algorithm
and controls the aperating vellage of PV
pancl  to  match  with  the  optimal
requircments,
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FFigure 4. A Schematic Dhagram of the PV Sysic-
Based GA.

The PV cell is o very smiall generating unii, A PV
Svstemy will however consist of several PV modulcs
cach with many serics solar cells [9. 10]. Such solar
cclls are known Lo experience eccasional apen circuil
Milurcs. The solar cell Tatlures will wsually not be
batanced for the dilTerent PV modules. resulting v a
dviamic optimal paint. The power output is mmnly
funclion of the operating voliage. The optimal voitage
reccommended 15 used 1o evaluale the swilching
paramcter of the DC-DC converier. Practical 1PV
svsicm is shown m Figuore 3.
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Figure 3 Maximum power translor Cireuit

The Buck converter has been the converter of
choice lor Maximum Power Point Tracker, MPPT.
because ol ils high cfficiency. fow cable losses and
case of contrel. The ondy parameter of control in a
Buck converier is the dutvy eyvele [11].

3.1, Genetie Alvprithun

In some instances. solution o multi-dimensional
problems by using classical oplimization technique is
difficult, leadme to an ingreased wlerest in Lhe
cvalutionan algorithms Rescarch employs miellipent

control  svstems.  such  as  Genelie  Algonthm.
Evolutonary  Programming.  and  Evolubionary
Stralegics, '

For classilication. diagnesis. and controls. Genelic
algorithm 1s the mosl widely known lechnology based
on Danwinian thinking of natural selection and natural
genclic {(or probicms where optimal scarch algorithm
with multiple solution isli used),

Genetic Algonthim leature arg as lollows,
= Whereas classical optimization techniques
suller from localhization based on Uhe initial
poinl. GA is nol subjcct Lo the inilial point.

= GA scarches for the global oplimal solulion in

the entire range of casiblc solubions and is
mscnsitive lo kacalized selulions.

= Tiic GA routine volves the foliowing lour

stages:  Selection of  imtial  population.
Crossover and  matation 1o gel new
population. Reproduction. and Evaluation of
the fitngss Munction,

The suhrowtine for the simple GA s outlined ax
Jotlfows-

Step 1: {nitialize the number of gencrations (Cren:
0.

Step 2; Derive (he mitial Old Population.

Step 3. Evaluare the Funess Function,

Step 4 Tucrement \he count {Cien. Gien - 1),

Step 3. Selecr candidaies rom Old Population,

Step & Crossover and Mutate 1o get New Population.
Step 7 Evalnaie \he Fimess Fraction,

Step 8. Reprodiece (sct Old Population as New
Population).

Step 9. |( Termination Criteria is nol mel. then go lo
Step 4. else continue.,

Step 10 Display/Save the final solution. and

Step 1 End.

3.2. GA Formulation for Optimal Tracking

The PV pancl is modeled as a currcnl source
consishing ol parallel arravs cach of serics connceled
solar ccll modules. A bypass diode i1s usually placed
across cach module o short out a cell that Iails by
openng i, The oulpus of our mathematical model can
be approximatcd by a 7" order polvnomial as o



Mansoura Engineering Journal, (MEJ), Vol. 31, No. 2, June 2006.

function of (ke arrav vollage. The GA optimizalion
problcim is therefore staled as:

7
. -
Mo Pty T Y et
r =1 ! = | r ((’)
Subpect tis [TNE-S RS R
L tHE
Where

P17} The iotal power gencrated

o, :  The polvnomal coelMicients

Yoo The module open circuil vellage of array 1.

AN The number of parallct-connecled solar moduics.

4, Case Sludies and Results
4.1 PV Systern

Figure & shows a PV pancl consisting of three
parallel arravs each with 30 scrics modules [11-12].
Each of the scrics modules is shunted by a bypass
diode. The shunt dode serves lo complele the array
conneclion circuit when the shunted solar modules
experience open circuil faitures. The module is rated at
a peak power of B0 W_an open circuit soltage ol Vl,, =
2LV, and [ . has @ proportional rclatonship with the

solar radiation and PV ccll arca. This panel was uscd Lo
lest the proposed scheme  Possible cell open circuit
(ailures were taken inlo consideralion ranging rom 3%
to 73% of the 3-arravs being faulted.

W[ 1 )]

BLEL
oo

Figure 6. Arrangement of Solar Modules m the Solar
PV Pancl

4.2 Casc Studics

The mathenatical mode) of PV module in terms of
V-1 characieristic is developed for PV performance
malvsis. The power outpul curves under different
radiation cffects are studied, the genetic algorithm is
emploved for analvzing differenl system lopology
configurations under (aults, The potential of our

E.5

schemc is demonstrated Tor diflerent cascs. Three cascs
are llustraied in the poper.

Cuse |: Operaning the PY under different faudt criteria

Figure 7 represents a specilic case This particular
case can be represenied by a 3™ order polyvnonual for
cach array ond the summation of those curves have
been used as an mput the Genetic algorithim model.
which cstimates the optimum operating voliage Lo he
1893 V and the corresponding oplimum pouwer was
480134 W
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Figu:e 7. P-¥ characleristic of PV Panel al lirsolalion of
750 wWien’ and T=0°C

Case fI: Operaimyg the PV ader DilTerent
Temperature

Twcelve cases were run al a constanl mvolaton
lesel of 100%. Different pancl array conditions were
assumed  representing  solar modules  (wilurcs  of
between 23%-73% Table | summarizes the diffcrent
cascs considered for this constant insefarion condilion
and the power genceraled

Table J: Optimal Opcratmg Conditions for Faulted
Photovoliaic Power Syvstem al DifTerent Temperalure
Using Genetic Algorithm

TG | % Ape nn@m_\- e Genclie
Ciwse algorithm
’ : L Ouwpu
NI N2 N3 Popt Vopl
| : Wy | (V)
| 73 50 106 U 13.6
3 30 25 00 | 64 | 171
E} 0o 75 | 23 30 5 | 88
| 100 75 25 o8 | 136
BER R 01 100 | 97 | 135
[ 6 _ 30 [T a0 |63 [169 |
7 25 73 25 30 37 88 |
BEE | 100 | 73 | 25 | 97 | 135
K] |75 50 | Too | ve | 134
T 30 35 100 62 16.8
] s 75 235 50 | 57 |87
k! 100 73 25 | 96 | 135
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Cuse Hi: Operanng the PV wnder different Solar
Radiaion

The welve cases were repealed lor a constant
tesuperature of 25°C and varying imsolation levels
of 100%, 73% and 50%. The cases are
summarized n Table 2. The power generaled by
each array was determvined and the total panel
power obtained.

Table 2: Optimal Operating Conditions for Faulied

Photovoltmc  Power  Swvstem  at Dillerent  Solar
Radiation Using Genelic Algorithm
dnsotation | %, /\g‘:n-l' healthy case Cienctic
Casw vl alporithm
" Oulpul
N[ N3 Popl Yopl
_ WL
I 73 50 100 9 | 135
2 50 25 100 | 64 | 169
30 1% |75 25 30 59 | 88
A oo | 75 | 25 | 95 | 135
51 75 | Su [ w0 | 72 | 134
6 T 50 23 00 | 48 | 17V
T 15% 75 23 30 4 8.7
3 ERE 25 71 | 133
ERE E 500 [ 100 | 48 | 136
10 50 25 100 32 17
| 0% 75 25 50 [ 30 | 86 |
12 o | 75 | 25 [ 48 [138

5. Conclusions

Genetic  Algorithm as a  global opunmization
leehmique was racking the global optimal operating
poiml of the flaulied PV system as a multi-peak
oplimization problem. The proposed algorithm is (csled
for the photovellaic power system under different
faulted conditions. 11 is shown (rom the results that the
gencetic algorithm captured the cxact optimization poinl
aceuraichy,
based Genelic Algonithm scheme 1s tested on o three-
parallel arrav photovollaic  ssstem under  dilTercit
abnormal conditions.
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