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Abstract. The article gives results of the development 

of the system of monitoring for photovoltaic power 

installations with different configuration to study the 

factors, increasing their productivity.  

Differentiation of impact, made by the components of 

different structure of photovoltaic power installations is 

made by application of three independent controlled 

channels of energy extraction from photovoltaic panels: 

fixed focused, with application of solar tracker and with 

application of solar tracker, having flat mirror 

concentrators.  

To secure originality of the record of the electric 

energy, produced by photovoltaic panels, we have 

developed unit of control for discharging current of 

battery banks in each channel. It supports equal level of 

their charge. Amount of the produced electric energy in 

each channel is estimated by the value of discharge. 

Control and measuring system is made on the base of 

virtual devices with hardware unit of input/output of NI 

USB-6009 type, produced by National Instruments 

Company, with software LabVIEW. In the research, 

software code of the system of monitoring and front panel 

of operator have been developed. The work provides 

photos of the developed experimental stand. 

Key words: photovoltaic power system, efficiency of 

photovoltaic power systems, the system of monitoring, 

control unit, laboratory stand, the solar-tracking 

installations, flat mirror concentrators. 

 

FORMULATION OF THE PROBLEM 

Considering a high cost price of electric energy, 

produced by solar photovoltaic power stations, intensive 

scientific research is carried out, focused on increase of 

their efficiency. Productivity of photovoltaic panels is 

influenced by incident direction of sun beams on the 

receiving surface, level of shading, character of radiation 

(direct or scattered radiation), panel temperature, factor of 

beams concentration, etc. Among the mentioned factors, 

the greatest impact is made by incident direction of sun 

beams on the receiving surface. Optimal angle of 

incidence can be secured by application of sun-tracking 

installations.   

Efficiency of solar power systems can be 

considerably higher if using combined production of 

thermal and electric energy. However, production of 

electric energy, as the energy of the highest quality, is the 

main direction. To increase electric productivity, different 

systems of pointing of photovoltaic power panels to the 

Sun and increase of the factor of beams concentration are 

usually developed. To make functional and cost analysis 

of the systems, which differ in their structural 

configuration, it is a necessity to make experimental 

comparative estimation of them. In the research, special 

attention is paid to correctness of methods of the 

experiment conduction, considering peculiarities of 

operation of a photovoltaic panel in the electric system 

under different ways of electric energy extraction. It is 

particularly true for self-contained utility systems, 

operating for electrochemical storage.  

Application of any technical means to increase 

productivity of photovoltaic panels by means of 

orientation according to the Sun is usually complicated 

and expensive.  

Leading companies and scientific organizations carry 

out scientific experimental research in the direction of 

optimization of construction and operating regimes of 

sun-tracking installations [1, 4, 6, 10, 12, 13, 15-17]. 

Resupply of the solar-tracking installations with means of 

solar radiation concentration is a separate direction of the 

research [2, 3, 7-9, 11, 14].  

Argumentation of the optimal level of concentration 

is not of less importance in relation to application of 

concentration means, because excess value of it can cause 

feedback effect, fall of productivity because of excessive 

heating of photovoltaic panels, depending on their type.  

The analyzed works [7-11, 14-17] present theoretical 

and practical application of mainly network solar-tracking 

photovoltaic power systems, including the ones, using flat 

mirror concentrators. However, they do not provide 

information as to differentiation of contribution of 

separate elements of photovoltaic power installation to the 
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increase of its electric productivity. The fact causes 

difficulties to make functional and cost analysis of them. 

Besides, not much attention is paid to investigation of 

impact of seasonal and weather variations of solar 

radiation on electric productivity.   

MATERIALS AND METHODS 

For operation of self-contained photovoltaic power 

systems, it is important to consider the manner of the 

produced energy extraction, and their comparative 

estimation requires optimal conditions for energy 

extraction.   

In such systems, it is necessary to secure maximum 

reception of the energy, produced by a photovoltaic panel 

and support the recommended regimes of batteries charge. 

In the systems of comparative estimation of efficiency, it 

is necessary to secure a charge regime with maximum 

possible current, which corresponds to maximum 

productivity of the photovoltaic panel, and, maintaining 

stable voltage of battery, prevent recharge by automatic 

outfeed of energy from it.   

Object of the research is made by comparative 

electric productivity of a fixed sun-tracking photovoltaic 

power system, equipped with flat mirror concentrator of 

photovoltaic panels.  

Subject of the research is to study how configuration 

of structural scheme of photovoltaic power installation 

influences its productivity, differentiation of contribution 

of its components and regime parameters of photovoltaic 

power installations.  

Some technical conditions should be supplied for 

efficient fulfillment of the task to secure maximum 

extraction of energy from photovoltaic panel by battery 

bank. In particular, battery bank should have the overall 

capacity and level of charge, securing available maximal 

charged current, which corresponds to the nominal current 

of completely illuminated photovoltaic panels. To supply 

correspondence of energy extraction from different 

systems, it is necessary to provide the same voltage at 

battery banks. It can be achieved by automatic adjustment 

of load by a unit of control over discharge of discharging 

currents with the currents of battery banks charge.  

The function to control optimal regimes of battery 

banks charge is performed by serial MPPT controllers.  

RESULTS AND DISCUSSION 

Structural scheme of the system of monitoring for 

photovoltaic power installations with different 

configuration includes the elements, which are 

demonstrated at fig. 1. 

Optimization of load of photovoltaic panels with 

different configuration is supported maintaining the set 

level of charge of separate battery banks, regardless of 

their productivity. Degree of charge is maintained, 

regulating discharging current by pulse-width method 

with tracking system. Its scheme is presented at fig 2.  

Fig. 3 gives general view of the developed board of 

three-channel unit of control for battery banks discharge. 

To complete databases of the monitoring for 

operation of photovoltaic power systems with different 

configuration under conditions of seasonal, daily and 

climatic no uniformity of sun radiation, we used the 

system of virtual devices with hardware unit of 

input/output of NI USB-6009 type, produced by National 

Instruments Company, with software LabVIEW. The 

software LabVIEW widely used to study problems of 

solar photovoltaic systems [18], and many other systems 

[19, 20]. Software code of the monitoring system is 

presented at fig. 4, and front panel of the operator - at  

fig. 5. 

General view of hardware part of laboratory stand is 

demonstrated at fig. 6 and 7. 

  

 

 
 

Fig. 1. Structural scheme of the system of monitoring for photovoltaic power installations with different configuration 

(on the example of one of the channel of a fixed photovoltaic panel) 
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Fig. 2. Electric principal scheme of one channel of control unit, managing discharge of battery bank  

 
 

Fig. 3. General view of the board of three-channel unit of control for battery banks discharge 
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Fig. 4. Software code (block diagram) of the system of monitoring for photovoltaic panels 

 

 
 

Fig. 5. Panel of operator (front panel) of the system of monitoring for photovoltaic panels  
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Fig. 6. Photo of experimental installation 

 

 
Fig. 7. Measuring part of experimental stand 

 

CONCLUSIONS 

1. The developed methods of comparative research 

on efficiency of photovoltaic power systems with 

different structural configuration, as well as hardware and 

software to support the efficiency provide correct 

methodological basis for experimental researches.  It is 

impossible to apply pulse-width method to regulate 

charge of battery banks, because in a pause period, a share 

of electric energy, which is possibly produced by 

photovoltaic panels, is lost. Thus, it is proposed to adapt 

operating regime of a separate photovoltaic panel to a 

battery bank with application of pulse-width unit of 

control for battery bank discharge to secure reception of 

all produced energy by the battery.  

2. The work proposes methods and hardware for 

comparative estimation of operating efficiency of 

photovoltaic power systems with different structure in 

continuous regime of long-term running, which enable 

determination of average annual efficiency with 

consideration of different weather and local conditions.   
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