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Abstract - The aim of this paper is to present a graphical user interface developed under 

Labview environment that allows, from experimental data, the calculation and extraction 

of parameters of the one diode model and of the parameters in reverse bias and all other 

electrical parameters of a PV module. These parameters will be displayed with the 

different curves, measurement conditions and technological characteristics of the PV 

module. Based on these extracted parameters, this interface also enables the simulation of 

the IV characteristic of PV modules. This allows the comparison of experimental results 

with theoretical results for the purposes of validation and the calculation of STC 

performances. In addition, a report similar to a datasheet can be printed. The results 

obtained for several PV modules were very satisfactory. Practical example and results 

obtained with real system are presented in this paper. 

Résumé - L’objectif de ce papier est de présenter une interface graphique développée 

sous l’environnement Labview qui permet, à partir de données expérimentales, le calcul 

et l’extraction des paramètres du modèle à une diode, des paramètres en polarisation 

inverse, ainsi que tout les autres paramètres électriques d’un module PV. Ces paramètres 

seront affichés avec les différentes courbes, les conditions de mesures et les 

caractéristiques technologiques du module PV. Sur la base de ces paramètres extraits, 

cette interface est aussi capable de simuler les caractéristique I-V des modules PV. Cela 

permet la comparaison des résultats expérimentaux avec ceux théoriques pour les besoins 

de validation et du calcul des performances aux STC. De plus un rapport similaire à une 

fiche technique peut être imprimé. Les résultats obtenus pour plusieurs modules PV on été 

très satisfaisant. Des exemples pratiques et les résultats obtenus avec un système réel sont 

présentés dans ce papier. 

Mots clés: Modules PV - I-V direct - I-V en polarisation inverse - Extraction de 

paramètres - Ombrage - Interface graphique Labview. 

1. INTRODUCTION

The development of photovoltaic solar energy in the world has made the marketing 

of photovoltaic modules a very promising and profitable market. This has led to the 

proliferation of players in the field. 

The PV module manufacturers provide data characteristics of PV modules under 

standard test conditions (STC), where the irradiance is 1000 W/m² and the cell 

temperature ( cT ) is 25 °C. Some of the parameters typically provided by manufacturers 

are the maximum power ( mpP ), the short circuit current ( SCI ), the open circuit voltage 
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( ocV ), the current and voltage at the maximum power point ( mpV  and mpI , 

respectively) and temperature coefficients for the short circuit current and open circuit 

voltage ( scI and ocV , respectively) 

The use of this data for the design of PV systems assumes that the values are true 

and valid on all plant sites. In addition, to predict the behavior of PV modules under all 

conditions, numerical simulation is used by the implementation of mathematical models 

describing perfectly their functioning as the one diode model or the modified one to take 

into account the effect of shadow. These models require knowledge of the values of 

certain parameters that usually are not provided by the manufacturers. So a complete 

characterization of PV modules introduced on the market is required. 

In this context, we developed a Labview graphical user interface (GUI) that allows 

obtaining all the settings and data of a PV module from experimental measurements. 

These experimental measurements are Excel files. For files of the direct I-V 

characteristic, the interface is currently designed to read those from the PVPM 

electronic load [1] but a slight modification allows adapting it to files from other data 

acquisition systems. The developed interface is thus a modeling and simulation tool 

independent of the data acquisition system. 

Labview is graphical software developed by National Instrument. It contains an 

interactive user interface called "front panel" in which we introduce the data and 

displays the results. The architecture of the program is contained within another window 

called diagram. A Labview program is called 'Virtual Instrument (Vi)' [2]. 

2. ARCHITECTURE OF THE PROGRAM AND USED METHODS 

To achieve the Graphical User Interface (GUI), several programming techniques 

have been used. Subroutines were first developed. They allow the execution of certain 

tasks. Some features available in the library of Labview were also used. The flowchart 

of figure 1 summarizes the steps of the developed GUI diagram. 

 
Fig. 1: Steps of the GUI diagram 
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2.1 Reading, processing and analysis of measured data and technological 

specifications of the PV module 

The first step of the main program is reading data measurements of direct and 

reverse bias VI   characteristic. These data are in Excel spreadsheet files.  

The files of the direct VI   characteristic contain values of the current and voltage, 

the global irradiance and the temperature of the PV module. The files of the reverse bias 

VI   characteristic contain values of the current and voltage measured in the dark for a 

solar cell of the same type as those constituting the treated module. 

Technological specifications of the PV module (number of cells, active surface and 

temperature coefficients) are read from a table that can be updated it for a new PV 

modules. The user does not need to provide this table; the program calls it automatically 

to read the constants and coefficients  of the PV module under study. He has just to 

select the name of the PV module on the drop-down list in the front panel. 

2.2 Mathematical modelling and simulation 

The model used for this study and implemented in the GUI is the one diode model. 

It is defined by the equivalent electrical circuit of figure 1 and {Eq. (1)} describing the 

current-voltage ( VI  ) characteristic [3]. 

 
Fig. 2: Equivalent circuit diagram of a PV 

generator according to the one diode model 
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Where, phI  is the photocurrent, 0I  the saturation current of the diode, m  the 

ideality factor, sN  the number of cells in series constituting the PV module, sR  its 

series resistance, shR  its shunt resistance, K  is the Boltzmann constant (1.38.10-23 

J/K), cT  is the absolute temperature of the cells of the PV module and q  the elementary 

charge. 

Parameters phI , 0I , m , sR  and shR  are not usually provided by the manufacturers 

of PV modules. To extract them from an VI   characteristic, we used the five-point 

numerical method [4, 5]. It involves the numerical solution of a system of five nonlinear 

equations obtained by applying {Eq. (1)} to five specific points of an experimental 

VI   characteristic [3]. 

Some authors [6, 7] have presented a PV module simulation tool by implementing 

the one diode model in Labview. In the interface we developed, the same technique is 

implemented as step in the form of subroutine (Sub vi) to validate the model and 

calculate PV module’s performances at STC. 
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To study the effect of partial shading, a term describing the functioning of cells in 

reverse bias based on Bishop’s model [8] is added to the one diode model as described 

in {Eq. (2)} [9]. 
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Where brV  is the break down voltage, a  and n  fitting parameters. 

The parameters of this term are extracted by fitting an VI   curve of a solar cell in 

the dark and in reverse bias. This cell must be of the same type as those composing the 

PV module under test [10]. The method used for the fitting is the ‘‘Levenberg 

Marquardt’’ algorithm which is implemented in Labview. 

2.3 Translation equations 

Since the parameters are extracted from experimental measurements under natural 

reference conditions of illumination and cell temperature ( refG  and ref,cT ), equations 

of translation are necessary for values under other conditions such as STC.  

For this, Mermoud equations [11] are used for the photocurrent ( phI ) and the 

saturation current ( 0I ), De Soto et al. [12] for the shunt resistance ( shR ) and IEC 

60891 Standard [13] for the short circuit current ( scI ) and open circuit voltage ( ocV ). 

So the implemented equations are: 
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Where, refG , ref,cT , 
refphI , 

refscI , 
refocV , 

ref0I  and 
refshR  are respectively, the solar 

irradiance, the cell temperature, the photocurrent, the short circuit current, the open 

circuit voltage, the saturation current and the shunt resistance at reference conditions. 

gE  is the gap, scI   and ocV   are respectively temperature coefficients of short 

circuit current and open circuit voltage. refMM  is the spectral correction. It is given 

by an empirical equation based on the number of air mass. 

There are still two parameters to be translated, series resistance shR  and the ideality 

factor m. The serial resistance affects the slope of the VI   characteristic in the region 

where the module operates as a voltage generator, but this variation with the 

temperature is not significant to induce a significant error on the maximum power point, 

it is therefore admitted that it remains constant [12]. We also consider that the ideality 

factor m is not affected by the temperature. 
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3. LABVIEW GRAPHICAL USER INTERFACE (GUI) DEVELOPED 

The developed GUI is very interactive. The results are displayed in three different 

pages accessible by clicking. The first page is for the treatment and results at 

measurement conditions (figure 3), the second page (figure 4) for the simulation, 

validation and STC results and the third page (figure 5) is devoted to the 

characterization of the solar cells in reverse bias. 

From this GUI, we can also order the printing of a text report similar to a datasheet 

that contains all information appearing in the front panel. 

 

Fig. 3: A view of the developed GUI when the page 

showing results at measurement conditions is activated 

 

Fig. 4: A View of the GUI when the page 

showing simulation and STC results is activated 
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Fig. 5: A view of the GUI when the page 

showing results of reverse bias characterisation is activated 

4. VALIDATION AND RESULTS 

4.1 Direct IV characteristics 

The results of the interface developed were validated on two types of files obtained 

for different PV modules with two different acquisition systems used at the level of the 

Unit of Development of the Solar Equipment, UDES [1, 14, 15]. 

In this paper, we present the results obtained for three PV modules of different 

technologies (single-crystalline silicon, polycrystalline silicon and amorphous silicon). 

The data of the files comprise the current and voltage measurements of the VI   

characteristic as well as the measurement conditions, which are temperature and solar 

irradiance. 

Figure 6 to 8 show the direct current-voltage ( VI  ) and power-voltage ( VP  ) 

measured characteristics (points), simulated at the measurement conditions (blue 

curves) and simulated at STC (red curves). 

 
Fig. 6: VI   and VP   characteristics measured (dots), simulated at measurement 

conditions (continued blue line) and simulated at STC (continued red line) 

for the monocristalline silicon PV module 
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Fig. 7: VI   and VP   characteristics measured (discontinued points),  

simulated at measurement conditions (continued blue line) and simulated 

at STC (continued red line) for the polycristalline silicon PV module 

 
Fig. 8: VI   and VP   characteristics measured (discontiued points), simulated at 

measurement conditions (continued blue line) and simulated at STC 

(continued red line) for the amorphous Silicon PV module 

Beyond the inevitable measurement errors, we note that each group of model 

parameters extracted reproduces perfectly the corresponding VI  characteristic. 

To validate the results obtained at the STC, we compared some performances 

provided in the datasheets of the PV modules with those calculated using the developed 

tool (Table 1). The electrical parameters considered for comparison are: the short 

circuit current ( scI ), the open circuit voltage ( ocV ), the maximum power ( maxP ), the 

fill factor ( FF ) and the efficiency (  ). 

We note that the gaps are very low for the single-crystalline silicon PV module and 

are within the margin of tolerance specified by the manufacturer (± 5% for maxP ). For 

amorphous the silicon PV module, except for a small decrease of the fill factor (about 5 

%), all other values have increased compared to the values of the datasheet, especially 

for the short circuit current witch the gap is almost 13 %. 

But this is normal and other authors also found considerable gaps with this type of 

PV modules [16]. For polycrystalline silicon module, except for the short circuit current 
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and open circuit voltage where the gaps are acceptable, there is a significant drop in the 

max power, the fill factor and the efficiency. Observing several measurements, we 

believe that this is due to the significant increase in the series resistance that affects the 

fill factor, the max power and therefore the efficiency. 

Table 1: Comparison between the performance provided in the data sheets of PV 

modules and those calculated at STC 

 

4.2 Reverse biased solar cell and effect of partial shadow 

The method of characterization used in reverse bias relates to the extraction of 

parameters of an individual solar cell in the dark. Figure 5 from above shows the results 

obtained on a single-crystalline silicon solar cell of 125 cm × 125 cm. The utility of 

Bishop’s parameters has been studied in a recent paper [10].  

Figure 9 shows the results of validation of the model of {Eq. (2)} for a single 

crystalline silicon PV module provided with two bypass diodes. These are the measured 

and simulated VI   characteristics when one of solar cells of the PV module is shaded 

with different rates. 

 
Fig. 9: Measured and simulated VI   characteristics of a monocristalline 

PV module for different transmittances of shade in one of its solar cells 
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4.3 Printed report 

An example of a report printed from the developed GUI is shown in figure 10. 

 
Fig. 10: Report generated by the GUI 

5. CONCLUSION 

The original developed Graphical Unit Interface (GUI) is highly valuable because of 

the importance of parameters that it enables to compute. In addition, its use is 

convenient and open to all PV engineering specialists without knowledge of Labview. It 

is a reliable interactive tool for modelling, simulation and testing of PV modules.  

Although it requires experimental input data files, it is not connected to a data 

acquisition system. In fact, it can be used for both natural and laboratory studies. It can 

be used as a second part of a virtual laboratory whose first part is developed to generate 

the IV measurements. 

In this paper, we presented the results of validation, in direct polarization, of three 

PV modules (c-Si, poly-Si and a-Si) which proved to be very positive. But several other 

types of PV modules can be studied with this GUI 

Moreover, we validated the results in reverse bias and showed the usefulness and the 

importance of the parameters in reverse bias with a concrete example. 



A. Guenounou et al. 

 

386 

REFERENCES 

[1] 2540C (250V -40A) Peak Power Measuring Device and Curve Tracer for Photovoltaic 

Modules : www.pv-engineering.de 

[2] R. Bitter, T. Mohiuddin, and M. Nawrocki, 'LabView Advanced Programming Techniques', 

CRC Press/Taylor & Francis Group, 2007. 

[3] H. Tian, F. Mancilla-David, K. Ellis, E. Muljadi, and P. Jenkins, 'A Cell-to-Module-to-Array 

Detailed Model for Photovoltaic Panels', Solar Energy, Vol. 86, N°9, pp. 2695 - 2706, 2012. 

[4] E. Karatepe, M. Boztepe, and M. Çolak, 'Development of a Suitable Model for Characterizing 

Photovoltaic Arrays with Shaded Solar Cells', Solar Energy, Vol. 81, N°8, pp. 977 - 992, 

2007. 

[5] J.C.H. Phang, D.S.H. Chan, and J.R. Phillips, 'Accurate Analytical Method for the Extraction 

of Solar Cell Model Parameters', Electronics Letters, Vol. 20, N°10, pp. 406 - 408, 1984. 

[6] M. Abdulkadir, A.S. Samosir and A.H.M. Yatim, 'Modelling and Simulation of a Solar 

Photovoltaic System, It is Dynamics and Transient Characteristics in Labview', International 

Journal Power Electronics  Drive System', Vol. 3, N°2, pp. 185 - 192, 2013. 

[7] J. A. Jaleel, A. Nazar, and A.R. Omega, 'Simulation on Maximum Power Point Tracking of 

the Photovoltaic Module using Labview', Vol. 1, N°3, pp. 190 - 199, 2012. 

[8] J.W. Bishop, 'Computer Simulation of the Effects of Electrical Mismatches in Photovoltaic 

Cell Interconnection Circuits', Solar. Cells, Vol. 25, N°1, pp. 73 – 89, 1988. 

[9] M.C. Alonso-García and J.M. Ruíz, 'Analysis and Modelling the Reverse Characteristic of 

Photovoltaic Cells', Solar Energy Materials and Solar Cells', Vol. 90, N°7, pp. 1105 - 1120, 

2006. 

[10] A. Guenounou, A. Mahrane, A. Malek, Z. Smara, and F. Chekired, 'Study of a Partially 

Shaded PV Module Behavior under the Natural Conditions', 28th European Photovoltaic 

Solar Energy Conference and Exhibition, pp. 249 - 253, 2013. 

[11] A. Mermoud, 'Conception et Dimensionnement de Systèmes Photovoltaïques: Introduction 

des Modules PV en Couches Minces dans le logiciel PVsyst.” CUEPE, 2005. 

[12] W. De Soto, S.A. Klein, and W.A. Beckman, 'Improvement and Validation of a Model for 

Photovoltaic Array Performance', Solar  Energy, Vol. 80, N°1, pp. 78 - 88, 2006. 

[13] Technical Report, 'IEC 60891 Standard: Photovoltaic devices – Procedures for Temperature 

and Irradiance Corrections to Measured I-V Characteristics Dispositifs Photovoltaïques – 

Procédures pour les Corrections en fonction de la Température et de l’Eclairement à 

appliquer aux dispositifs Photovoltaïques', 2009. 

[14] A. Mahrane, A. Guenounou, Z. Smara, M. Chikh, and M. Lakehal, 'Test Bench for 

Photovoltaic Module', EFEEA'10, International Symposium of Environment Friendly 

Energy in Electrical Applications, pp. 1-6, 2-4 November 2010, Ghardaïa, Algeria.  

[15] A. Guenounou, A. Malek, M. Aillerie and A. Mahrane, 'Labview Interface for Controlling a 

Test Bench for Photovoltaic Modules and Extraction of Various Parameters', International 

Journal of Power Electronics and Drive System, Vol. 6, N°3, pp. 498 - 508, 2015. 

[16] O.M. Midtgard, N. Andersson and T.O. Saetre, 'Comparison of Fill Factor for Three 

Different Types of PV-Modules under Changing Weather Conditions', in Proceeding 20th 

European Photovoltaic Solar Energy Conference, pp. 2147 – 2150, 2005. 

 


