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The monitoring of electrical parameters of an autonomous solar power system for street lighting is presented
in this paper. Monitoring system is based on LabVIEW virtual instruments and NI USB 6009 module for
signal acquisition. The relevant voltages were monitored in day and night conditions, and the results were
analyzed in order to optimize the parameters and to test the functionality of the charge controller and
protection circuitry.
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National energy policy goals today are going towards in terms of reducing the electricity production
costs (investment and exploitation), as well as environment protection. The need to reduce the fossil fuels
share and to strengthen environmental awareness provides a place for renewable energy [1]. In the first
place, photovoltaic (solar) panels, due to their technical characteristics and price drop. In addition to solar
power plants that are connected to the grid, photovoltaic (PV) panels are adequate for isolated (autonomous)
power consumers, which become more and more prominent need of modern civilization.

This paper presents a model of the solar power systems of the public lighting in the conditions when
the distribution network infrastructure is hard to reach. In such a system the power is supplied from the
photovoltaic panels and the whole system is autonomous. In order to promote this form of electricity
generation, the necessary data were measured and collected using LabVIEW software to determine the
energy efficiency of the elements required for such a system. The system consists of a photovoltaic panel, a
battery, a battery charge controller, a power relay and a light source. The breakthrough in solar cell
technology production, regarding the ratio of the active surface of photovoltaic modules and its coefficient of
utilization, in recent years has been significant [2]. This is reflected not only in the technical-technological
innovative operation, but also in specific drop of prices on photovoltaic panels, which now range up to
2 €/W. The photovoltaic panel that is used in this system is a monocrystalline panel of 12 V nominal voltage
with the power of 120 Wp. Calculation of the average hourly electric power at the terminals of the PV panel:

Ppy =1-A-Ipv
where 7 is efficiency ratio of the PV panel, A — active area of the PV panel, /py— total mean irradiation on
the surface area of the PV panel.

The battery pack is the most important part of the autonomous power supply lighting system.
It depends on the battery, if the power be constantly provided. Today a large number of batteries is produced
with different characteristics that in the choice of battery impose a numerous dilemmas. The rechargeable
battery that was used in this case was the sealed lead acid battery VRLA (Valve Regulated Lead-Acid).
In open or conventional lead-acid batteries water loses should be regularly compensated, which is not
necessary (nor possible) for the VRLA batteries. That is why they are often called maintenance-free
batteries. Voltage level of the system is 48 V. In order to make the system of more realistical size, 4 serially
connected batteries of nominal voltage of 12 V and 12 Ah capacity were used. These batteries, given the
strength of the light source (the consumer), provide 2 days of autonomy, provided that the lamp operates
12 hours a day, which is the case in the winter time.

Battery charge controller is an electronic device that regulates the charging voltage battery. It controls
charge current to avoid the so-called "over current" overcharge and damage to the battery, which among other

Odessa, 27 — 31 May, 2013
—-125 -



ISPC «Modern information and electronic technologies»

things, extends battery life. Electronic relay is a device used to break or establish a circuit, which, depending on
the available energy by priorities will include or exclude load. Load is the LED light source. LED generation
lamps represent a major step in the development of energy efficiency and environmental responsibility systems
[3]- Low power and long life of these light sources, with high-efficiency photometric systems, significantly
saves the cost compared to conventional sources. Additional savings can be achieved by using dimmers and
remote control systems. In this system, an LED light source with the power 25 W is used (fig. 1).
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Fig. 1. Testing circuitry

Signal acquisition

For successful signal acquisition, basically a proper signal conditioning is needed [4]. The values of
voltage from VO to V7 and the values of current from I0 to 13 (Fig. 1) are being measured in the system.
Also, the values of voltage and current intensity do not exceed 50 V and 5 A, respectively. The voltage
values are measured directly, while the current intensity is measured indirectly. In this measurement system,
the current is converted into voltage by a shunt resistor. Shunt resistance is 0.24 Q, the value of voltage is in
order of volts. Since the point of reference potential (common ground) in the system is not derived, the
voltage at the shunt resistor cannot be measured in differential mode. For this reason, the potentials of all
resistors lead to separate signal conditioning circuit. The purpose of this circuit is twofold. The first step is to
scale the value of the potential (48—52 V) by voltage divider by a factor of 11 to a value that is in the input
voltage range of acquisition card (= 10 V). In parallel with this resistor, a capacitor of 100 pF is connected.
Because of the characteristics of the power control system (switching mode), the effect is pulse current.
Since the current is not constant over time, but is present in the waveform strong fluctuations, the parallel
combination of capacitors and a resistor forms an integrator with a time constant in order of the tenth of a
second. Thus, the other circuit function is implemented for the conditioning that mitigates the electricity
dynamic structure (signal averaging) so that the signal acquisition would provide the desired results. The
other end of the resistor is connected to a common end that is further attached to the ground of the
acquisition device. Total number of voltage divider is eight. These voltages are then fed to the single mode
analog input acquisition card marked with AIO to AI7. The acquisition card NI (National Instruments) USB
6009 [5] is connected via the USB interface to the PC. For each channel the sampling frequency of 5000 Hz
is defined. The software of the acquisition system was designed in the LabVIEW ® 2010 software package
[6]. Ehe scheme implemented in the block diagram forms the values of current and voltage on the basis of
the measured values. The acquisition card in a virtual domain creates a multiplex signal, which demulti-
plexes into eight independent sequences that correspond to voltages and are further processed. The first
block in the chain of signal processing presents averaging of the input string to the length of 100 samples
(at certain time the system takes as input all 100 samples). Therefore, the measurement errors are reduced.
Further on, at the averaged value the additive constant is added. In the first measurement these constants are
set to zero. Since the input voltage is scaled version of the original (splitter divides the signal voltage by 11)
each sequence is multiplied by 11 (this is also the initial value). After these operations, the obtained
sequences correspond to the voltage VO to V7 and they are displayed in the appropriate numerical indicators
on the front panel of the VI instrument. Each pair of eight voltages subtracts, and the difference is divided by
the value of the shunt resistor (0.24 Q) and finally derives the current value 10 to 13 indirectly (Fig. 2).

The front panel (Fig. 3), current time diagrams are set. The time scale division is one minute. During
continuous measurement, the value at a given time is shown on the diagram and on the numerical indicators.
In accordance with the expected current values, certain scale is set at the y-axis.
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Fig. 3. Front panel

The calibration of the system is done at the first (test) measurement and involves two phases. In the
first phase, the zero values are attached at the input of the acquisition card (short-circuit analog input and
ground). Due to system offset measured value will not be equal to zero. If that measured value is multiplied
by -1 and the new value is now the value of the additive constant (initially constant equal to zero), in that
case the measured value of the voltage can be as close to zero as possible. The second phase involves
correcting multiplicative constants that are initially equal 11 (decline voltage divider). In this case, using the
reference instrument (physical voltmeter), the value of the voltage at the appropriate point is measured. Ratio
between this value and the value that is indicated by the virtual instrument defines a correction factor for the
multiplicative constant. System is calibrated and therefore prepared to fully exploit. In addition to the time
chart and numerical indicators that show the momentary values of voltage and current, all values are written
to a text file every second. It is allowed that the user chooses the path and name of the text file at the
program start. Each row contains the time information, in seconds, followed by the measured current
intensity and voltage data.

Results and discussion

The light meter was used (FS1108 Elcom) to measure the level of illuminance E (Ix). The initial (zero)
measurement point occurred at 16 h 06.03.2013. In Fig. 4 the first graph shows the values recorded by the
light meter (typical for rainy day 1500—15000 1x). Night period starts around 120™ minute. The graph below in
Fig. 4, the voltage at the ends of photovoltaic panels with nominal 12 V slowly decreases to 0, as the sunset
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begins. Since there are no options for (automatic) switching, V2 and V4 have the same values. Electronic relay
P2 disconnects customers if the battery voltage falls below the allowed value (10.5 V). For lead VRLA battery,
nominal voltage of 12 V (6 cell nominal voltage of 2 V), manufacturer specifies the Ah capacity that will
discharge the each battery cell voltage to 1.75 V, therefore the battery voltage after a full discharge is 10.5 V.
At this point, an electronic relay turns off further consumption in order to protect the battery from excessive
discharge. The electronic relay is programmed to turn back on the consumer after. After 60 minutes, the battery

electrolyte is stabilized, the battery is shortly recovered and the consumers are involved.
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Fig. 4. Time diagrams of illuminance and relevant voltages

After comparing the displayed graphics it can be concluded that the proper conditioning of the signal was
generated. These signals are suitable for further processing and manipulation in order to comprehend the energy
efficiency of the elements of the system for conversion of solar energy for public lighting power supply purposes.
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M. Mumkosuu, M. Munupoesuu, 3. CteBud, H. Paskosuu, b. Penun
MOHUTOPHUHT CHCTEMBbI YJINYHOI0 OCBELeHNs 0T COJTHe4YHOIi FHepruu npu nomouu LabVIEW,

OnucaH KOHTPOJb 3IEKTPUIECKUX ITapaMeTpOB aBTOHOMHOW CHCTEMBI COJTHEYHOW DHEPTUHU ISl OCBEILEHUS
ynui. CucteMa MOHUTOPHUHTA OCHOBaHA Ha BUPTyalbHbIX pubopax LabVIEW u moxyne NI USB-6009 mns
oOHapyxeHus: curaaia. COOTBETCTBYIOIINE HANPSHKCHUST HAONIOJANCh B JTHEBHBIX U HOYHBIX YCIIOBUSX, U
pe3ybTaThl OBLIN NPOAHAIM3UPOBAHBI C LIENBI0 ONTHMHU3AIMY [1aPaMETPOB U VIS MPOBEPKH pabOTOCIIOCO0-
HOCTH PETYJIATOpA U 3aLIUTHI.

KitoueBsie croBa: coaneunas snepeus, LabVIEW VI, suepeosgppexmusnocme.
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