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Abstract. This paper aims to identify the model parameters
of a photovoltaic array installed in our experimental platform.
Two methods used for parameters identification in order to
characterize the photovoltaic array are compared. Based on the
electrical equivalent circuit of the photovoltaic cell, the
mathematical model is deduced. From the data-sheet values,
given by the manufacturer, we were able to determine the
parameters of this model. On the other hand, the second method
was applied by using one of the least squares fitting approaches.
The measurement of the outdoor solar irradiance, cell
temperature and current taken by dSPACE controller board and
for a constant terminal voltage level includes the necessary data
to be fitted with the model. The implementation of two methods
in MATLAB provides the model parameters which have to
minimize as soon as possible the error involved between the
calculated and measured output current. For the minimum
obtained error, the corresponding method is the best one for the
photovoltaic array characterization.
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1. Introduction

For self-feeding building with renewable electricity, the
semi-isolated and safety network is proposed to
overcome the technical constraints related to connecting
distributed sources with the utility grid. For this purpose
we are interested to modelling a photovoltaic array
(PVA). The knowledge of the model parameters is
essential to evaluate the PVA behaviour under all
operating conditions. However, the manufacturers give
just the electrical features of photovoltaic (PV) panel
under the standard test conditions (STC). Thus, many
works focused on the identification of the unknown
parameters of the PV or PVA model. As for many
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published literatures, a model based on the electrical
equivalent circuit of the cell is proposed in this paper. In
[1], a two-parameter PV model was characterised by
adjusting the current-voltage (I-V) characteristic curve at
the three points given by the manufacturer: open circuit,
maximum power point and short-circuit. According to the
cell equivalent circuit, an analytical four and five-
parameter PV panel models were deduced and
experimentally verified [2]. A simplified graphical
method was used in [3]. Other publications use the robust
linear regression methods [4] or the artificial neural
network [5].

In this paper, two methods of PVA parameters
identification are analyzed and compared in order to
choose the most appropriate one to use in modelling of
PVA installed in our experimental platform. Based on a
single-diode PV cell circuit, a mathematical model is
deduced. At the three operating points mentioned above,
the first method is applied and allows finding its
parameters. Concerning the other one, the error occurred
between the calculated and measured output PVA current
was minimized by using one of the least squares fitting
approaches. Both methods are programmed in MATLAB.
First, the PVA is described. Then, the mathematical
model is presented. Subsequently, the measurement
bench is given. After that, each algorithm is explained.
Finally, for both cases, the output PVA currents are
compared with the measured ones in order to find the
best PVA parameter identification method.

2. PVA description

The experimental platform, shown in Fig. 1, has two
PVA installed on the roof of centre Pierre Guillaumat 2 at
the University of Technology of Compiegne in France.
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Fig. 1. Experimental platform

The PVA consists of 8 PV panels Solar-Fabrik SF-130/2-
125 electrically coupled on four parallel branches formed
by two series PV panels (Fig. 2).
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In order to protect the PV panels from the reverse
current, one diode is placed in the head of each branch.
Several poly-crystalline silicon cells are interconnected in
series and packaged in each PV panel.

L1

Fig. 2. Photovoltaic array

3. PVA modelling

Many models of varying complexity describing the
behaviour of a PV cell are available. So, the number of
parameters that need to be identified is different. In this
paper, a single-diode PV cell model is proposed. It is the
most classical model available in the literature [1]-[5]-
[6]-[7]-[8] and has the electrical scheme shown in Fig. 3.
It consists of a current generator for modelling the
incident solar irradiance, a diode for the polarization
phenomena, a series resistance and a parallel resistance
for representing the power losses.
s i
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Fig. 3. Three-parameter PV cell electrical equivalent model

Using Kirchhoff’s first law, the terminal current of the
cell is:

_v+in,

i=i —1i, (1)
"

where i;, given in (2), is the light-generated current. It is

directly proportional of the incident solar irradiance (G),

linearly related to cell temperature (7), and depends on

the materials used and fabrication processes. The diode
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current is noted ip. It is function of 7, as given in (3). The
dark saturation current, i, is expressed in (4).

i =1, (%)(H& (r-17)) @)

. V+ir,
lD:lsat[eXp[ nVT J_l] (3)
()l -
se | o €xXp Tk \T7
by =—— . 4)

sat — N
qV,
exp| —2- -1

The STC are assumed to be the reference solar irradiance
G'=1000W/m”> and the reference cell temperature
T°=298K at air masse equal to 1.5. Under these
conditions, the manufacturer specifies some electrical
features of the PV panel: short circuit current ISC*, open
circuit voltage Voc*, temperature coefficient for current K;
expressed in mA/K, maximum output current /,,, and
maximum output voltage V,,,. The quantities k, g are
Boltzmann’s constant and the electron charge. The
thermal voltage is V7=kT/q. E,, is the band gap energy of
semiconductor (it equals to 1.12eV for the silicon). The
unknown parameter, n, is the diode ideality factor which
takes a value between 1 and 2. Other unknown
parameters are the series resistance, ry, and the parallel
resistance, 7,. The series resistance represents the
semiconductor material resistance and those for contact
interfaces. The parallel resistance represents the leakage
current across the p-n junction.

Let n; be the number of cells in series in one PV panel.

The output panel voltage is V =vn,, and the
characteristic (I-¥) of PV panel is given by (5).
.. V +1IR, V +IR,
I= Iy =gy | €Xp = |=1|- - (5)
nnVr R D

where R, =n,r,

. and sznsr

P
parallel resistances. Considering that the numbers of the
PV panel in series and respectively the parallel branches
in the PVA are known as n,, and respectively as n,,, the
general characteristic (Ipy4-Vpy,4) of the PVA is:

. Veyantp + 1pyaRser
]PVA =ng, [lL “Lsar (exp( p;NV = 1-1
T

are the panel series and

(6)
B Voyaty, +1pyRse,
w Rpar
The PVA series and parallel resistances are
Ry, =ngn,r, and R, =Nr,, where N=ngn,n,,.

So, the (Ipy4-Vpyy) characteristic represents an implicit
and non linear equation with two variables, G and 7, and
three unknown parameters: n and Ry, and R,,. This
function can be expressed as follows:
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Ipyy = (G, T, Ipyy, Voyy, P) @)
where P is the unknown parameters vector:
P= [}’l, Rser > Rpar] (8)

4. Test bench

The parameters identification can be carried out by
means of least squares fitting and by using the
experimental measurements recorded at our test bench
shown in Fig. 4. These measurements are 7, V,,, G,, and
T

Fig. 4. Test Bench

All the experimental measurements are controlled in real
time by dSPACE controller board. The measurements
relating to the irradiance G,, and cell temperature 7,, are
carried out by a pyranometer and respectively by a
PT100 sensor. The electrical equivalent circuit test is
shown in Fig. 5.
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Fig.5. Measurement circuit

Using a controlled voltage source (CVS) and a
programmable DC electronic load (PDCEL), for a
constant voltage level (V,), these measurements are
made. In this test the CVS is just used for setting the load
voltage at a constant level and it doesn’t supply any
current. All the PVA power is absorbed and dispersed by
the PDCEL, thus Ip,, =1, . The fact that the PVA is
installed on the roof compels us to measure the voltage
after the protection diode and the connecting cable. So,
the voltage drop across the diode (v;) and the connecting
cable resistance (R)), are accounted for as follows:

Veyy =V, +1,R +v,

)
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5. Identification process

A. Determination of the PV panel model parameters from
data-sheet values

For this first method, the values of the model parameters
are calculated by using the specifications described in
data-sheet. Accordingly, the operation conditions are the
STC. So, the thermal voltage becomes:

kT

q
Writing the equation (5) for short-circuit point, maximum
power point and open circuit point gives these three
equations:

v (10)

. IR IR
Lo =iy =iy | exp| —— |- |-—— (11
nnVy R,
V. +I1 R
Immp = iL - isat {GXP[MJ - 1]
nnVry
(12)
_mep+]mmpRs
Rp
) . V * V *
0=ip —ig,| exp| —2— |-1|-—2 (13)
nnsVT RP

From (13) the current i{; and the current iy, can be
expressed:

ip =i | exp V"—C* -1 +V”—C* (14)
L sat nn, VT* Rp
By insertion (14) into (11), we obtain this equation:
* . Voc* Y sc*Rs
]sc lo | XP| — 5 |7 XP| —
nnVr nnVr
(15)
VDC* ISC*RS
+
R,
From the above equation, the current i, results in:
P Isc*(Rs+Rp)_I/;Jc*
(16)

sat V *
R,| exp| ——
nnVy

—exp I sc*Rs*
nnVy
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Insertion (14) and (16) into (12), the maximum output
current will take the form:

mmp + ImmpRs j

exp V""* exp d
X —€X
nnVy"

nn V"
Immp - Vv « [S *R
R | ex o ex 5
’ p[nnSVT*J p(nn v ) a7)
v.:.-v. _—I R
X(ch* (R; + Rp ) _ VOC*) oc mmp mmp*s
3 : R,
From this equation we can express the parallel resistance:
A
R =— 18
b= (18)
Where, A and B are given in (19) and (20).
* V,."
A:Rs Isc +Imm me eXp ——
( v v ) (nn vy J
IR
~\ R Ly = Viump )+ Voo |Jexp| == 19
(B (Lo =V )+ V2 [nnSVTJ (19)
Voo F Lo R
+(VUC* —-1."R, )exp — P 7 m'*"p 2
nnVry
V. IR
B=1 exp| —%— |—exp| >—=
e (nnSVT ] [nnSVT ]
(20)

Vo t Ly R *
+ISC* exp mmp Wl:’lp S _ exp VOC _
nnVr nnVr

In [1], an algorithm is used in order to identify two-
parameter model under the STC. Those parameters were
R and R,. However, the diode ideality factor is taken as

known parameter. As we know that n € [1,2] . Using this

algorithm, when this parameter takes all the values
included in this interval, the three unknown parameters
are calculated by MATLAB implementation as shown in
Fig. 6.

Firstly, for each value of n the resistances R and R, are
determined under the STC (all the values L., V., Lupp
and V,,,, are used) in order to obtain a maximum output

power equal to that one available in the data-sheet.

Then, the error of current, whose the model causes is
evaluated. So, the current /py, is calculated according to
(6) by using the Newton-Raphson method. For a package
of measurements, the mean absolute error (MAE) is
calculated as in (21) and stocked.

[PVA ‘

21
g

where z is the measured points number, it depends on the
measurement period and the sampling step of the
dSPACE controller board.
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Input tol

&=2xtol

Initialize n

while n <=2

Search the minimum MAE
Output the corresponding
values of R, RP and n

Initialize R
Calculate R, from (18)

End

Input G,,T,,,1, and V,,
Calculate VPVA from (9)
Calculate Ipy, from (6)
Calcul the error (MAE )

between Ipy, and 1,
‘ Calculate I from (5)

Increment n SforV el0,V,."]

Calculate the output power P=1IxV

Yes

find the maximum power P,

Calculate the error & = I,,,, x mep P,

Fig. 6. Algorithm for determination of the PV panel parameters

The best values of the parameters R;, R, and n are those
for which the model involves the most minimal error. In
the beginning of the algorithm, the error (¢) between the
calculated and maximum power given by the
manufacturer, takes an initial value higher than the
tolerance criterion (fol) in order to assure the programme
running once at least.

B. Determination of the PVA model parameters based on
the measurements

The output PVA current carried out by (7) enables us to
compute the error committed by the model as follows:

”:ZZ:([;Z - PVAy)z
y=1

This error represents the objective function, which must
be minimised. Since the function (7) is implicit, the
calculation of the current Ipy, requires an iterative
method which imposes a substantial calculating time.
Furthermore, this calculation would be repeated for each
iteration of the minimisation method. For these reasons
and taking into account that /,,, =1, , the function that

(22)

gives the PVA current is:

IPVA - f(Gm’ m> m’ m’P) (23)
Thus, the objective function to be minimised becomes:

=Y (RmrGn ) e
y=l

Using the MATLAB “Isqcurvefit” function the retained
parameters are those which give the better fit of this
function.
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6. Experimental verification and discussion

Fig. 7 and Fig. 8 show the operating conditions (G,,, T,,)
during 8 hours on 20™ of November and on 15" of
December, 2009, in Compiegne, France. During these
measurements, the voltage V,, was settled at 30V. The
obtained parameters by both methods are presented in
Tables I-1I. The current calculated using these parameters
is compared with measured one (Fig. 9 and Fig. 10).

The Tables I and 11 show that the error related to the first
method for the two measurements is slightly smaller than
those committed with the second one. Furthermore, the
parameters values belonging to the same method change
according to the operating conditions.

Table III shows the error MAE obtained when the current
is calculated under operating conditions (measurements
on 15" of December) to which the parameters belonged
to 20™ of November measurements; similarly in the Table
IV, made with the measurements recorded on 20" of
November.
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Fig. 7. Operating conditions recorded on 20™ of November
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Fig. 8. Operating conditions recorded on 15™ of December
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Fig. 9. Current of PVA calculated from data-sheet values and
by fitting method versus that measured on 20" of November
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Fig. 10. Current of PVA calculated from data-sheet values and
by fitting method versus that measured on 15" of December

Table I. — Parameter Values of PV Panel Derived from the
Data-Sheet Values and Related Error for Each Recorded

Measurement
PARAMETER | MEASURES OF | MEASURES OF
AND ERROR NOVEMBER DECEMBER
MAE THE 20" THE 15"
n 1.8 1.65
R, 1.54.10°Q 52.10°Q
R, 4.001.10°Q 0.121.10°Q
MAE 0.8A 1.407A

Table II. — Parameter Values of PV Panel Derived With the
Fitting Approach Method and Related Error for Each Recorded

Measurement
PARAMETER | MEASURES OF | MEASURES OF
AND ERROR | NOVEMBER DECEMBER
MAE THE 20" THE 15"
n 1.802 1.627
R, 0.506.10°Q 110.10°Q
R, 156.10°Q 397.10°Q
MAE 0.84A 1.413A

Table III. — Mean Absolute Error Committed with the
Parameters Determined on November 20 under Operating
Conditions Taken on December 15

PARAMETERS OF 20/11/2009 MAE

n R, (Q) R, (Q) (A)
1.8 1.54.10° 4.001.10° | 1.536
1.802 | 0.506.10° 156.10° | 1.533

Table IV. — Mean Absolute Error Committed with the
Parameters Determined on December under Operating
Conditions Taken on November 20

PARAMETERS OF 15/12/2009 MAE

n R, (Q) R, (Q) (A)
1.65 52.10° 0.121.10° | 0.92
1.627 | 110.10° 397.10° | 0.81

Even that the parameters related to the fitting method
give a little smaller error than those resulted using the
data-sheet parameters values, and the calculation time is
shorter than the time elapsed while the data-sheet
algorithm is running, the quality of the minimisation by
the MATLAB function “Isqcurvefit” depends on the
initial values, lower and upper limits.
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Thus, the model is not robust and could lead to some
wrong predictions of PVA behaviour. A bad conclusion
may be drawn if the model built on the parameters
resulted for a measurement, is tested under different
conditions.

As in our research work, we don’t need to use the PVA
model in real time, the model identified using the data-
sheet algorithm is simple and can be suitable to
modelling the behaviour of PVA under all the operating
conditions.

7. Conclusion

The study of the semi-isolated and safety network for the
self-feeding building with renewable electricity,
especially generated by a PVA, requires a model that
allows knowledge of the PVA behaviour under various
meteorological conditions.

This paper aims to identify numerical and experimental
parameters of the one diode model PV cell extended for a
PVA. Using the data-sheet values and one of least
squares fitting methods, the error between the calculated
and measured current of the output PV array, is
minimised. Under various meteorological conditions,
based on the carried out parameters, the two methods are
compared in regarding to error between the calculated
and measured output PVA current, calculation time and
easiness of implementation. The method based on the
data-sheet values is more appropriate to identify the PVA
model parameters
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