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Abstract�A key aspect for the teaching of the photovoltaic 
technology is that the student perform experimental practices of 
measure the characteristic Current-Voltage (I-V) under natural 
sunlight of a photovoltaic cell, module or generator and, later, 
being able to extrapolate the extracted results into Standard Test 
Conditions (STC). 

This paper presents a software tool (gotoSTC) to facilitate the 
acquisition of this knowledge and support the learning process of 
our students.  

gotoSTC allows processing experimental data from I-V curves 
and applies some of the accepted methods by the scientific 
community. The program has two functional options: on the first 
one, the characteristic parameters of one curve will be obtained 
from its I-V curve and STC extrapolation methods are applied to 
it; in the second option, a set of I-V curves of the same module 
are necessary to obtain the characteristic parameters and then 
applies the extrapolation methods. Graphical representations of 
the data are showed in order to present some of the existing 
relations between the parameters characterizing the device 
behavior.  

Keywords�Photovoltaic solar energy; software; LabVIEW; I-V 
curve; educational tool; extrapolaction to STC . 

 

I.  INTRODUCTION 

Undoubtedly, the photovoltaic solar energy is part of the 
knowledge to be taught in any qualifications related to 
Renewable Energies, both in Secondary Education and the 
Bachelor and Master of our Universities. Creating educational 
environments that could be able to help the comprehension of 
specific aspects of technology should be part of the work 
developed by professors and university researchers; a transfer 
of knowledge that interrelate research work and teaching 
responsibilities. 

In this work, a tool developed in LabVIEW© [1] which aims 
to support teaching/learning different methods of extrapolation 
to Standard Test Conditions (STC) is presented and, 
furthermore, helping in the understanding of basic concepts 
related to photovoltaic technology. 

II. BACKGROUND 

The PV module or photovoltaic generator is the main 
component of any photovoltaic system, either autonomous, 
grid-connected, or hybrid. This device is responsible for 
transforming the energy from the sun into electrical energy. 

In fig. 1, the typical I-V curve of a photovoltaic element is 
shown. This characteristic I-V curve is composed by infinite 
pairs of current and voltage points. All of them are obtained 
varying the impedance connected to the module between zero 
to infinity. In the fig. 1 the most interesting points are also 
highlighted. The value of the parameters will depend on the 
module characteristics and the operating conditions to which 
has been acquired. 

 

Fig 1. Characteristic I-V curve from a photovoltaic module and its main 
points of interest.   

To characterize their products, manufacturers of PV modules 
will provide the value of the characteristic electrical 
parameters from which it is possible to estimate their basic 
behavior. 

The main electrical technical data provided by manufacturers 
is shown in Table I. The value of these parameters is obtained 
when the module works in what is known as STC. These 
conditions, defined in standard IEC 60891, are shown in Table 
II. 
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TABLE I. ELECTRICAL TECHNICAL CHARACTERISTICS OF PHOTOVOLTAIC 
MODULES PROVIDED BY  MANUFACTURERS. 

Pm Module maximum power (W) 
Vm Module voltage at maximum power in STC (V) 
Im Module current at maximum power in STC (A) 
Voc Module open circuit voltage (V) 
Isc Module short circuit current (A) 
 

TABLE II.STANDARD TEST CONDITIONS. 

Normal irradiance (G) 1000W/m2 
Cell temperature (Tc) 25ºC 
Solar spectrum AM1.5 

 

In addition, some temperature coefficients are provided in 
order to know the variation of the main characteristic points 
depending on the operating temperature of the module (Table 
III). 

TABLE III. TEMPERATURE COEFFICIENTS. 

� Short circuit current temperature coefficient (%/ºC) 

� Open circuit voltage temperature coefficient (%/ºC) 

� Maximum power temperature coefficient (%/ºC) 

NOCT Normal Operate Cell Temperature. Operating 
temperature when normal irradiance is 800 Wm-2 and 
ambient temperature is 20ºC. 

The present paper is focused on the analysis of the curve I-V 
as an essential aspect for the understanding of the photovoltaic 
technology. From I-V curve can be obtained all parameters 
which allow the proper characterization of the module and 
verify that the data provided by the manufacturer correspond 
with reality. It is also a key experiment that allows obtaining 
reliable information on the actual power of a PV generator and 
hence detect problems, or to estimate the production of the 
generator. 

There are two main procedures that allow us to obtain the 
characteristic curve of a photovoltaic module: Laboratory 
measurements using solar simulators [2]; and outdoor 
measures or under real sunlight, which allow us a 
characterization that will be referred as Real Sunlight 
Conditions (RSC). Both systems have advantages and 
disadvantages that should be considered in choosing the 
method to be used. 

A solar simulator is a system that has a lamp power of high 
precision and capable of recreating the solar spectrum. Must 
be taken into account that using solar simulators are 
experiments within the laboratory, so standard test conditions 
can be recreated easily. Therefore, the IV curve obtained using 
this type of equipment is performed to the same operating 
conditions the manufacturers characterize their products. The 
main drawback of solar simulators is the high cost of the 

system and also this procedure, for obvious reasons, is not 
applicable in case of measuring photovoltaic systems installed 
outdoor. In fig. 2, one of these systems can be seen. 

 

Fig 2. Solar simulator installed at the University of Jaen. On the left, 
front of the simulator is shown and on the right, the back to the 
simulator.  

The RSC characterization is done by sun exposure PV module 
as seen in the example of fig.3, so no special equipment will 
be needed apart from the IV curve tracer [3][4][5 ] necessary 
for both methods. Obtain the curves in this way will be much 
less expensive, but it will be extremely difficult to find 
environmental conditions that allow the photovoltaic module 
work on STC, so it is necessary to use mathematical 
extrapolation methods to know electrical characteristics in 
STC from RSC experimental measures. 

 

Fig 3. Solar tracker installed at the University of Jaen for the 
characterization of different PV modules in RSC. 

In addition, together with the pairs of V-I values that shape the 
curve, it will also be necessary to obtain the value of the 
present meteorological variables when the I-V curve was 
obtained, which will influence the behavior of any 
photovoltaic generator. Fundamentally, and the level of 
precision at hand, the parameters needed will be incident 
irradiance and temperature. To achieve a higher level of 
precision, the cell temperature is measured instead of calculate 
it from ambient temperature. 

The essential parameters to extract from the experimental 
characteristic I-V curve are: short circuit current (Isc), open 
circuit voltage (Voc) and maximum power (Pm). With these 



basic parameters it is possible to use some extrapolation 
methods [6], with the help of some other auxiliary data that 
can be extracted from the I-V curve or are provided by the 
manufacturer (�, �, �). 

In addition to providing the characteristic parameters, the 
curve I-V provides through its shape, information for detecting 
anomalies in a PV module such as degradation, fractured cells, 
shading [7], mismatches [8] or hot spots. A defect or 
deformation of the expected curve means that the module has 
a fault and this can affect the proper operation and power of 
the PV [9] system [10] [11]. 

In conclusion, the most economical method for the 
characterization of PV modules is plotting curve I-V in RSC, 
so to normalize the information obtained through this 
procedure, it is necessary to study the different methods to 
extrapolate into STC. 

III. DESCRIPTION OF EXTRAPOLATION METHODS TO STC 

IMPLEMENTED ON GOTOSTC. 

There are published and accepted by the scientific community, 
a large number of procedures that attempt to answer the 
extrapolation to STC. These methods can be classified into 
two main groups: 

� Algebraic procedures 

� Numeric procedures 

Both model the behavior of these semiconductor devices for 
input conditions (external parameters of meteorological type) 
depending on their intrinsic and / or technological 
characteristics. The second require much greater calculus 
capacity than the first one and there is a widespread idea that 
they are much more precise and accurate. In this case, we have 
decided to implement in gotoSTC both algebraic and 
numerical procedures. 

Algebraic methods chosen for use in the application are: 
Araujo [12], constant Fill Factor and Osterwald [13]; while the 
numerical procedure used is the GER [14]. The first three 
methods perform calculations only for obtaining characteristic 
parameters of the PV module. The GER method, being a 
numerical method, make a reconstruction of the I-V curve 
with which it is possible to obtain all characteristic parameters 
that can provide a I-V curve and the electrical equivalent 
model. 

The purpose is to use methods that, being simple, can achieve 
a good extrapolation results. Must be taken into account that 
there are more accurate methods of extrapolation to STC [15] 
[16], but due to its complexity has not thought it appropriate to 
use for educational activities. 

The main proposal is to provide simple methods in order to 
allow students to perform extrapolation calculations manually 
during their studies without the need for excessively complex 
calculations, so gotoSTC tool can also be used to compare the 
results manually performed by the student with those obtained 
by the tool. This will help students and facilitate learning these 
extrapolation techniques which are necessary in work related 
to photovoltaic systems. 

Furthermore, to simple algebraic methods, it was added to the 
tool a numeric procedure in order to be shown the main 
differences between algebraic procedures, where you can only 
obtain the characteristic parameters, and numeric procedures, 
where the whole I-V curve is simulated, giving the possibility 
to compare the complete I-V curve with the one obtained 
experimentally. 

Three algebraic and one numeric procedures to extrapolate to 
STC have been chosen to be included in gotoSTC tool, so that 
each of them is briefly described below.  

����	
�� ���
�� Approach the values of cell voltage (VM) 
and current (IM) in the maximum power point from short 
circuit current (ISC) and open circuit voltage (VOC) using (1) 
and (2), with which you can obtain the maximum power (PM) 
of the cell. 
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where: 
rs = normalised cell series resistance; 
FF* = fill factor in STC; 
uOC = normalised open circuit cell voltage; 
K = Boltzmann;< =>?<@A?@ = 1,38·10B23 J·KB1; 
e = 1,602·10B19 C. 

C
D���D� EFGG E�H�
��� ���
� IEEJK. This method assumes 
the fill factor remains constant through all operating 
conditions. As in the Araujo;< method, both cell short-circuit 
current and open-circuit voltage vary linearly with incident 
global irradiance and cell temperature, respectively, according 



to (1) and (2). This way, using (10) can approximate the value 
of maximum power (PM). 

�� = �� · ��� · ���                  (10) 

	
�������
 ������. This method accounts for being one 
of the simplest, and achieve a good estimation of maximum 
power (PM). 

�� = ��� · �
�� �1 � � · (�� � 25)                    (11) 

where: 
G = incident global irradiance (W·m!2); 
G* = incident global irradiance in STC (1000 W·m!2); 
PM = maximum power (W); 
P*

M = maximum power in STC (W); 
TC = cell temperature (ºC); 
" = maximum power temperature coefficient (ºC#1).  

$%&'( )*+,-.. This method is based on a five parameters 
electrical model [17], where the simulation of the I-V curve 
will be held and the parameters to be determined can be 
extracted. Using the equations (1) and (2) to obtain the open 
circuit voltaje (VOC) and the short circuit current (ISC) in STC, 
the equation (12) is needed to calculate the thermal voltage 
(Vt) and the methodology described in [9] to find the series 
resistance (Rs) and the shunt resistance (Rsh). The value of 
current (I) can be obtained for each voltage (V) value using 
equation (13). 

�/ = 0·12
3                                                             (12) 

� = ��� 41 5 6
7879: +;·<=> ·? ·7@ A 5 B+C·DE

DEF                      (13) 

where: 
Vt = thermal voltage; 
Rs = series resistance; 
Rsh = shunt resistance; 
m = diode ideality factor; 
N = number of series cell; 
q = 1,602·10G19 C. 
 

IV. INSTALLATION AND USE OF GOTOSTC 

The tool has been designed to process I-V curves of 
photovoltaic modules, so will require data files containing 
each of the I-V curves previously obtained experimentally. 
The format of the input files must be ".csv" but its 
configuration can adjust so that it is possible to use data files 
from multiple curve tracers, both commercial [5] as own 
development [4]. The minimum data for the proper 
functioning of the program that data files must contain are the 
following: the pairs of points of voltage and current that will 
shape the curve, the incident irradiance and ambient or module 

temperature to which they have been obtained this I-V curve. 
These data should be gathered in columns. 

In the application is possible to configure the data extraction 
from experimental curves, so that it is possible to select in 
which column will be found each of the data groups from all 
the parameters. It is also possible to configure the separator 
between columns, being able to choose HIJ or tab. There is no 
file size limitation, allowing any number of rows and columns, 
as they have the above mentioned minimum parameters, 
because they will be necessary for the application of the 
methods described. Before start using the tool, it must be 
configured correctly to suit the curves that are to be used. 

The tool is divided into two main parts: one where a single I-V 
curve is taken and the extrapolation methods discussed above 
are applied; and a second part where set of curves is taken to 
extrapolate them and the results are shown by a graph, in 
addition to providing the average of the characteristic 
parameters obtained in all I-V curves. Each of the parts of the 
program has a different purpose. The first part is designed in 
order to students can learn the methods of extrapolation to 
STC and observe their differences. In the second part, the 
main aim is to observe the existing relations between the 
obtained parameters in a graphic and easy way. 

The figure 4 shows the part of extrapolation of a single curve. 
On the first place the file containing the experimental data of 
the I-V curve to be treated is chosen. Once selected, you can 
see on the left side of the application, the characteristic 
parameters in real sunlight conditions extracted from the I-V 
curve. Then, the extrapolation methods to STC in the 
application can be found. 

For each of the methods few variables and results are 
observed. The variables are all parameters that are necessary 
for the implementation of the method, the minimum input data 
required by each method. Some of the variables cannot be 
modified due to they are extracted directly from the I-V curve 
used; therefore many of these parameters match with the 
values shown on the left side of the program. The reason to 
show again these variables is for the student to learn what 
parameters are necessary for the implementation of each of the 
methods. 

It is also necessary to include some other parameters that can 
be modified, since it is not possible to obtain from I-V curve, 
so they should be provided by the student using the data sheet 
of the module manufacturer. These parameters are the open 
circuit voltage temperature coefficient (K), the maximum 
power temperature coefficient (L), the number of series cell 
present in the module (Ns) and the Fill Factor expected in STC 
(FF). There is other parameter which does not appear in the 
data sheet: the diode ideality factor (m). This parameter is 
estimated from cell technology used in the module. These data 
can be modified; changing the results obtained, and may 
determine the influence of each on extrapolation methods. 



 
Fig 4. Part of the gotoSTC tool responsible for extrapolating a single 
experimental I-V curve. 

Each method will include the expressions used for its 
implementation, in order to know how the result is obtained. 

Furthermore, the GER method performs a numerical 
procedure that provides the reconstruction of I-V curve. The 
curves obtained are graphically displayed, being possible to 
observe the experimental curve obtained from the data file, the 
fitted curve from the method under the same environmental 
conditions to which the experimental curve was taken, and the 
curve extrapolated to STC also indicating its maximum power 
point. This way the student can appreciate the difference 
between a curve taken experimentally and a curve plotted 
from numerical methods. 

The same methods mentioned above will be performed for 
part of extrapolation of multiple curves. After selecting the 
folder containing the desired files and activating button, it will 
start loading the files. The loading time of this process 
depends mainly on the size of the files containing the data. 
Once the charging of the curves ends, all de data are shown 
graphically. It is also possible to include data filters for 
irradiance, power and fill factor for these parameters taken 
into RSC. The purpose is to detect and eliminate wrong data. 
Mainly, you can find plotted curves with defects on the 
meteorological parameters measured, unwanted shading or 
any inconvenience that may change the expected result. The 
table of results shows the average of the STC values obtained 
by the methods performed. 

In the graph, any data collected by the program can be 
represented, with the purpose to facilitate the understanding of 
the existing relations between the parameters that affect the 
behavior of PV modules. In this part of the program, can be 
also created a summary file that contains all the parameters 
obtained from the data files to use the results with other 
systems. 

 
Fig 5. Part of the gotoSTC tool responsible for extrapolating multiple 
experimental I-V curves. 

V. RESULTS AND DISCUSSION 

The tool has been tested with I-V curves of different PV 
modules technology; both in the part of extrapolation for a 
single curve and using multiple curves. Have also been 
compared the data obtained by gotoSTC tool and those 
obtained by other tools in order to verify that the results were 
similar, ensuring the proper functioning of the system. The 
part of the tool to extrapolate a curve responds well to change 
variables during use, being a little more noticeable change of 
variables GER method due to the number of operations is far 
greater than the other methods used and may notice a slight 
waiting time to update its results. 

In fig. 6 an example of use of the tool is presented. In this part, 
extrapolation to a single curve is performed, being able to 
observe the characteristics described above. For the following 
examples the module used is a Suntech STP160 
polycrystalline technology mounted on solar tracker shown in 
fig.3. 

 
Fig 6. Example of part of the gotoSTC tool responsible for extrapolating a 
single experimental I-V curve. 

Below, in fig. 7 Example of the part of the tool where multiple 
curves are analyzed is presented. In the exposed example is 
possible to appreciate the graph of relationship between the 
measured fill factor in RSC and cell temperature registered for 
each plotted I-V curve, being able to observe the relationship 
between both parameters, as well as using the linear fit 
adjustment for approximately calculate a value, as can be seen 
in the example of fig.7, the fill factor at 25ºC. 



 
Fig 7. Example of the part of the gotoSTC tool responsible for 
extrapolating multiple experimental I-V curves. 

VI. CONCLUSIONS 

There has been a tool that can be used both for teaching 
purposes in any kind of education related to photovoltaic 
technology and research work, allowing quick and 
comprehensive analysis of a set of experimental curves. 

It is characterized by its simplicity of operation. It is supported 
with theoretical material that allows students to settle 
knowledge of how the process of extrapolation to STC is done 
through several algebraic methods with very low 
computational complexity. Besides learning extrapolation 
methods, it could also help as graphic support in teaching 
explanations through the corresponding part of the program. 
With this, a large number of explanations of the existing 
relations between different characteristic parameters extracted 
directly from the I-V curve, meteorological variables and 
parameters extrapolated to STC. 

The gotoSTC tool has started to be used in Bachelor and 
Master subjects directly related to PV technology during the 
current quarter. To evaluate whether the application has been 
successful helping the student, surveys will be carried to users 
about the application. The questions will be related to the ease 
of program usage, the assistance provided in the understanding 
of knowledge, possible improvements or defects which may 
be found, etc. 
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