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Abstract—Photovoltaic systems are a widespread form of green
energy, that is becoming increasingly considered also as a form of
economical investment. Their reliability is consequently
becoming a concern. In this paper we focus on the reliability of
the DC-AC converters (inverters) of photovoltaic (PV) systems.
We analyze the effects of the faults likely to affect their operation
in the field. We show that such faults can impact catastrophically
the power delivered to the load. We then propose a self-checking
monitor, that is able to detect the occurrence of such faults in the
field, as well as faults possibly affecting itself. Our monitor can
therefore be adopted to guarantee the concurrent on-line test of
faults affecting the inverters of PV systems. Moreover, if used
together with suitable recovery strategies, for instance based on
proper hardware reconfiguration, it can provide PV systems with
fault tolerance ability, thus meeting the increasing demand for
reliable PV systems.
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L INTRODUCTION

Photovoltaic (PV) systems are a widespread source of green
energy [1, 2]. Recently, they have also become a form of
economical investment, thus making their reliability a concern.

Generally, PV systems consist of two main blocks: the PV
array, that converts the sun energy into a continuous (DC)
voltage, and the DC-AC converter (inverter), that converts such
a produced DC voltage into an alternate (AC) voltage to be
delivered to the load, usually the power grid [1, 3].

As shown in recent studies [4, 5, 6, 7], the most critical part
of PV systems from the reliability point of view is (are) the
inverter(s). In fact, although faults may on principle affect both
the PV array and the inverter(s), it has been reported that
current PV arrays guarantee a lifetime well beyond 20 years
(which is the lifetime limit considered by the industry of PV
systems), while the estimated life-time of the inverter(s) is
shorter than 10-15 years [2, 5, 7].

Faults possibly affecting PV arrays and inverters in the field
have been identified in [5, 7]. It has been shown that the failure
rate of MOS transistors and diodes of the inverter is
considerably higher than the failure rate of the PV array and the
other components of the inverter. However, the impact of such
faults on the in-field operation of PV systems, particularly on
their power efficiency, has not been evaluated.

More recently, in [8] a preliminary analysis has shown that
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faults affecting some transistors/diodes composing the inverters
of PV systems may produce a catastrophic effect on the power
delivered to the load, thus on the efficiency of the whole PV
system. However, the effects of all other possible inverter
faults, such as faults affecting the inverter control circuitry,
have not been evaluated. Always in [8], a monitor circuit able
to detect the considered faults affecting the transistors/diodes of
the inverter has been presented. However, such a monitor is not
able to detect its possible internal faults, which might
compromise its effectiveness.

Based on these considerations, in this paper we extend the
fault analysis in [8], by including also faults possibly affecting
the control circuitry of the inverter. We will show that such
faults can produce a catastrophic effect on the power delivered
to the load (e.g., a reduction up to the 80%).

We then propose a monitoring circuit able to detect the
occurrence of faults affecting the inverter (included its control
circuitry). The proposed monitor is self-checking with respect
to faults possibly affecting itself, thus avoiding that their
occurrence in the field can compromise its effectiveness. Such
a monitor can therefore be adopted to guarantee the concurrent
on-line test of faults affecting the inverter of PV systems,
despite the possible occurrence of faults affecting itself.
Moreover, if used together with suitable recovery strategies, for
instance based on proper hardware reconfiguration, our
monitor can provide PV systems with fault tolerance ability,
thus meeting the increasing demand for reliable PV systems.

The rest of the paper is organized as follows. In Section II,
we introduce the considered PV system and inverter. In Section
III, we analyze the impact of faults possibly affecting the
inverter on the power delivered to the load. In Section IV, we
propose a monitoring circuit able to detect concurrently the
faults likely to affect the inverter, as well as faults affecting
itself. In section V, we describe a possible design of our
monitor and we prove its effectiveness. In section VI, we
analyze its self-checking ability with respect to possible
internal faults, and we evaluate its power cost. Finally, we draw
some conclusive remarks in Section VII.

II.  CONSIDERED PV SYSTEM

Fig. 1 schematically shows a general PV system, consisting
of a PV array and an inverter, transforming the DC voltage
generated by the PV array (Vpy) into an AC voltage (Vour)
suitable to be delivered to the load (e.g., the power grid). As
known [3], other PV systems exist, which employ a higher
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number of inverters. For simplicity, we will hereinafter refer to
the scheme in Fig. 1, but our analyses and solution apply to PV
systems with more inverters as well.

The power grid can be realistically modelled as an L-R
low-pass filter, for example with a cutoff frequency of 50Hz [3,
91, L=100uH and R=0.1. Moreover, we consider the realistic
case of a PV array composed by series of 18 PV cells, each one
modeled as in [5, 3]. For simplicity, we will hereinafter assume
the simple case of a single series. However, our analyses can be
straightforwardly extended to the more realistic case of several
parallel series of 18 PV cells.

Inverter V1 EF: | Vier
I V2 Controller
=
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Vpy PV Vv Power
Array OuT | Grid
T
M4 M3
D4 —||:3Sna
Fig. 1. Schematic representation of a PV system with a single inverter
implemented by a H-bridge.
As a realistic example, we consider the inverter

implemented by a H-bridge (Fig. 1). It consists of four MOS
transistors (M1-M4), and four safety diodes (D1-D4) connected
in parallel to transistors M1-M4, respectively, to prevent
possible high voltage spikes from damaging the transistors.

The Controller of the inverter is a sinusoidal pulse-width
modulation circuit [9, 10]. It generates the control signal V1
(V2) for the transistors’ couple M1-M3 (M2-M4). VI and V2
are complemented periodic signals, with a fixed period Ts=
1/fs. As a realistic example, we consider fs = 2.5kHz. The
controller compares the external reference voltage (V.. with
the output of the inverter (Vour). Based on such a comparison,
the controller adjusts the time interval (within each Ts) during
which M1-M3 and M4-M2 are conductive, so that Voyr follows
Vier [9, 10]. As an example (typical for PV systems employed
in Europe), we assume that Vs is a SOHz sinusoidal wave.

III.  EFFECTS OF FAULTS AFFECTING THE INVERTER

We have considered all faults that have been found likely to
affect an inverter in the field [5, 7]. They are:

e shorts between the drain and source terminals of the MOS
transistors (i.e., faults equivalent to transistor stuck-ons);

e opens on the gate terminal of the MOS transistors (i.e.,
faults equivalent to transistor stuck-opens);

e shorts between the two terminals of diodes (ie., faults
equivalent to diode stuck-ons);

e opens between the two terminals of diodes (i.e., faults
equivalent to diode stuck-opens).

We have considered such faults as possibly affecting the

MOS transistors and diodes of the H-bridge, as well as the
MOS transistors of the Controller. We have analyzed their
effects on the steady-state operation of the inverter in the field,
particularly on the power delivered to the load, as well as on
the harmonic components of the current that the inverter
absorbs from the PV array (/py in Fig. 1). We have not
considered the initial short setting phase of the inverter, since
during this time interval the inverter is not connected to the
load [11]. To evaluate the faults’ effects, we have performed
electrical level simulations by HSPICE of the considered
inverter (Fig. 1) with shorts emulated by a very small resistance
(1mQ), and opens by a very large resistance (10MQ). We have
not considered faults affecting the capacitors and inductors of
the Controller since their likelihood has been proven to be
much smaller than that of the faults listed above [5]. As usual
for concurrent fault detection, we have assumed that faults
occur one at a time in the field [12].

We have found that, but for the opens on diodes D1-D4, all
considered faults reduce significantly the power that the
inverter delivers to the load.

The achieved results are summarized in Fig. 2. It shows the
relative reduction in the power delivered to the load by the
faulty inverter, with respect to the fault-free case (i.e.,
APo(%)=100[(Po-jauir-free = Po-fautsy) / Po-fuursiee]). In particular,
faults possibly affecting the Controller have been grouped in
Jfaults of kind 1 and faults of kind 2, where faults of kind 1
(faults of kind 2) consist of the Controller faults that have been
verified making V1 or V'2 behave as if stuck-at 1 (stuck-at 0).
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Fig. 2. Relative reduction in the power delivered to the load by a faulty inverter
over the fault-free case.

From Fig. 2 we can observe that the power delivered by the
faulty inverter drops approximately by:

e the 80%, for shorts affecting transistors M1-M4, or diodes
D1-D4;
e the 30%, for opens affecting transistors M1-M4;

e the 70%, for faults of kind 1 (i.e., Controller faults making
V1 or V2 behave as if stuck-at 1);

o the 40%, for faults of kind 2 (i.e., Controller faults making
V1 or V2 behave as if stuck-at 0).

We have also analyzed the effects of the considered faults
on the harmonic components of the current absorbed by the
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inverter from the PV array (/py). We have verified that, but for
the faults that do not impact the power delivered by the inverter
(i.e., opens on D1-D4), all other faults increase significantly the
amplitude of the /py harmonic component at 50Hz.

As an example, Figs. 3(b) and 3(c) report the harmonics of
Ipy for the case of a fault affecting the Controller making V7
behave as if stuck-at 1 and as if stuck-at 0, respectively, while
Fig. 3(a) shows the harmonic components of Ipy in the fault-
free case. We can notice that, in the fault-free case, /py presents
harmonic components with non-negligible amplitude at 50 and
100Hz, and at several frequencies that are multiples of fs.
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Fig. 3. Harmonic components of the current absorbed by the inverter from the
PV array (Ipy) for the case of: (a) fault-free inverter; (b) Controller of the
inverter affected by a fault making V1 behave as if stuck-at 1; (c) Controller of
the inverter affected by a fault making V1 behave as if stuck-at 0.

By comparing Fig. 3(a) with Figs. 3(b) and (c), we can
notice that the amplitude of the harmonic component at 50Hz is
considerably higher in the faulty case, than in the fault-free
case (i.e., we have verified that in the worst case it is
approximately 4 times higher in the faulty cases). Additionally,
differently from the fault-free case, in the faulty circuit the
amplitude of the harmonic component at SO0Hz is much higher
than that of the harmonic component at 100Hz.

Finally, as discussed in [13, 14], faults affecting the PV
array may reduce the value of the DC voltage produced by the
array, but do not distort the harmonics of /py. Therefore,
distortions in the /py harmonic cannot be due to faults affecting
the PV array.

IV. INVERTER MONITOR FOR CONCURRENT FAULT DETECTION

Based on the results of our analyses, we propose a monitor
able to detect faults affecting the inverter and the monitor itself,
during the inverter steady-state operation in the field.

A. Proposed Monitor: Basic Idea

The basic idea behind our monitor is to detect the distortion
of the harmonics of the current absorbed by the faulty inverter.
As shown in Section III, the amplitude of the S0Hz harmonic
of Ipy increases significantly in the presence of faults reducing
the power delivered by the inverter. Therefore, such faults
could be detected by comparing the amplitude of the S0Hz
harmonic of /py with a proper threshold value. Fig. 4 shows the
schematic representation of a monitor based on such an idea.

| Fault
Cmp [T
p——
PV Inverter v Roveer
Array out Grid
— A

Fig. 4. Schematic representation of a possible monitor to detect faults affecting
the inverter.

It employs a current sensor (CS) to measure the current /py.
The CS produces a voltage V; proportional to /py, and thus the
amplitude of the harmonics of V; will be proportional to that of
the harmonics of /py at the same frequency. Then, a low pass
filter (LPF), with a cutoff frequency of 50Hz, is adopted to
filter out the harmonics of V; at frequencies higher than 50Hz.
For frequencies lower than 50Hz, the only harmonic
component of V; with non-negligible amplitude is the one at
50Hz, so that the amplitude of the signal at the LPF output (V)
will be the amplitude of the V; harmonic at 50Hz. By simply
connecting a peak detector (PD) to the output of LPF, we
obtain the maximum value of Vi (Vema), which is the
amplitude of the V; harmonic at 50Hz. As shown in the
previous Section, for a faulty inverter, the harmonic at SOHz of
Ipy has an amplitude approximately 4 times higher than that for
a fault-free inverter. Thus, for a faulty inverter, also the value
of Vimar Will be approximately 4 times higher than that for a
fault-free inverter. Therefore, to identify whether an inverter is
faulty or not, we could simply compare V. With a proper
threshold (V) by means of a comparator (Cmp). Cmp would
generate a signal “Fault” assuming: a high logic value, if the
inverter is faulty (i.e., if Vima™>Vrn); 2) a low logic value, if the
inverter is fault-free (i.e., if Vipa<Vrm). The value of Vi
should be chosen to fall between the amplitude of the 50Hz
harmonic of V; in the faulty and in the fault-free case, which
could be determined by means of simulations of a faulty and a
fault-free inverter, respectively.

Since, as previously stated, our monitor is intended to
detect faults affecting the steady-state operation of the inverter
(i.e., when the inverter can deliver power to the load), the
output values produced by our monitor prior to the inverter
steady-state operation should be discarded, or the monitor
should be enabled during the inverter steady-state operation
only, by adding a proper enable signal to the scheme presented
in Fig. 4.

However, it can be noted that the occurrence of a simple
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stuck-at 0 fault affecting signal “Fault” could compromise the
effectiveness of a monitor of the kind in Fig. 4, making it
unable to detect faults affecting the inverter. This may be the
case also for other faults affecting the monitor in Fig. 4. To
address this issue, a self-checking monitor is proposed that,
although based on the idea presented above, is able to detect
the occurrence of faults not only affecting the inverter, but also
faults affecting itself. Such a monitor guarantees the concurrent
on-line test of faults affecting either itself, or the inverter.

B.  Proposed Self-Checking Monitor

Based on the idea described above, we propose a self-
checking monitor, whose schematic representation is shown in
Fig. 5. It consists of two sub-blocks (SB1 and SB2), each one
equal to the scheme in Fig. 4, but for the LPF filter that is now
substituted by a LPF/HPF filter that can act as either low pass
filter (LPF) or high pass filter (HPF), depending on the value of
a clock signal CK. The cutoff frequency of both the LPF and
the HPF implemented by LPF/HPF is 50Hz. When CK=1, the
LPF/HPF of SB1 (SB2) behaves as LPF (HPF), while when
CK=0 (that is when CK’=1), the LPF/HPF of SB1 (SB2)
behaves as HPF (LPF).

Vi, [LPF e Vey

monitor
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y
o
E
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3
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PV Inverter
Array
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Fig. 5. Schematic representation of our proposed self-checking monitor, able to
detect faults affecting the inverter, as well as its possible internal faults.

This way, if the inverter is fault-free, the peak voltage
produced by the LPF/HPF acting as LPF (i.e., that within SB1,
if CK=1, or that within SB2, if CK=0) will be lower than the
threshold voltage Vrm (chosen as described in the previous
subsection). Thus, the comparator of the sub-block associated
with the LPF/HPF acting as LPF (i.e., Cmpl of SBI1 if CK=1,
or Cmp2 of SB2 if CK=0) will give a low logic value to its
output. Meanwhile, the peak voltage produced by the LPF/HPF
acting as HPF will be higher than V7y, since as shown in Fig. 3
the current /py (and thus the voltages Vi;») presents several
harmonics of non-negligible amplitude at frequencies higher
than 50Hz. Thus, the comparator of the other sub-block will
give a high logic value to its output. Therefore, for a fault-free
inverter, our monitor will give to its outputs (FI, F2)
alternating and complementary logic values (i.e., (FI, F2) = (1,
0) or (0, 1)).

Instead, when the inverter is affected by a fault, the
amplitude of the signal at the output of the LPF/HPF acting as
LPF will be higher than Vry (since, as discussed in the previous

subsection, in the faulty inverter the amplitude of the S0Hz
harmonic of /py, and consequently V;; 2, increases significantly).
Consequently, the comparator downstream the LPF/HPF acting
as LPF will give a high logic value to its output.
Simultaneously, the amplitude of the signal at the output of the
LPF/HPF acting as HPF will be higher than V7. Therefore, the
comparator downstream the LPF/HPF acting as HPF will also
give a high logic value to the output. Therefore, in case of
faults affecting the inverter, both outputs of our monitor will
present a high logic value (F1, F2) = (1, 1).

As will be discussed in Section VI, when an internal fault
affects our monitor, the outputs '/ and 2 will both be =1 or 0
(ie., (FI,F2)=(1,1) or (0, 0)) for a semi-period of CK signal.

Therefore, (F1, F2) = (1, 1) or (0, 0) at the outputs of our
monitor will reveal the presence of a fault affecting either the
inverter, or the monitor itself, while (F7, F2) = (1, 0) or (0, 1)
will indicate correct operation of both the inverter and our
monitor.

V. MONITOR DESIGN AND VERIFICATION

We have designed our monitor considering, as an example,
the following discrete components: the operational amplifiers
LT1012 in [15]; the CD4069UB NOTs in [16]; and the
CD4030B EXORs in [16].

As for the current sensors CS1,2 (Fig. 5), they have been
implemented by means of Hall effect current sensors of the
kind in [17]. Each sensor measures indirectly the current
absorbed by the inverter by measuring its associated magnetic
field [17]. Then, the sensors give to their outputs a voltage Vi,
= Viz = k*Ipy, where k is the equivalent transresistance of the
Hall Effect current sensors.

As for the LPF/HPF blocks of SB1 and SB2 (Fig. 5), we
have implemented them as shown in Fig. 6(a). In particular,
when X=1/ (X=0), the circuit in Fig. 6(a) implements a Sallen-
Key second order LPF (HPF), as shown in Fig. 6(b) (Fig.
6(c)). We connect signal X of the LPF/HPF of SB1 (SB2) to
CK (CK’). This way, when CK=1, the LPF/HPF of SB1 (SB2)
implements a LPF (HPF) while, when CK=0, the LPF/HPF of
SB1 (SB2) implements a HPF (LPF). As an example, we have
considered a CK frequency of 30Hz.

—
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Fig. 6. Implementation of (a) the LPB/HPF block of our monitor in Fig. 5; (b)
the resulting Sallen-Key second order LPF when signal X in the LFP/HPF

block is = 1; (c) the resulting Sallen-Key second order HPF when signal X in
the LFP/HPF block is = 0.
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To obtain a LPF with cutoff frequency at S0Hz, we have
considered R = R2 = 10KQ, Cl= 1uF, and C2 = 423nF.
Instead, to obtain a HPF with a cutoff frequency at 50Hz, we
have considered R3 = 27k, R4 = 3750, and C3 = C4=
0.47uF. Moreover, since the voltages Vi; and V> (at the outputs
of the current sensors CS1 and CS2, respectively) present a
maximum voltage value of approximately 3V, we have
powered the operational amplifiers with a voltage of £5V.

As for the peak detectors (PDI1,2) and comparators
(Cmpl,2), they have been implemented as shown in Fig. 7.

VEi2 MD PJD:: Vemax1,2 W_F"-z
i lasiaaas)) 0T 1_
Pulse generator

Fig. 7. Implementation of the peak detector and comparator of our proposed
monitor.

Cmp1,2

As stated before, each PD (PD1 and PD2) gives to its
output (connected to a capacitor C=1pF) a voltage value equal
to the maximum voltage value of the output signal of the
LPF/HPF block. The transistor M1 and the block “pulse
generator” allow to discharge the capacitor C after each
rising/falling edge of CK (to reset PD at every CK semi-cycle).

Moreover, as stated before, we can choose the threshold
voltage V7 by evaluating the maximum voltage values of the
output signal of LPF (which is proportional to the amplitude of
the 50Hz harmonic of /py) in the fault-free case, and in the
faulty case respectively. From the performed simulations, we
have verified that, when the inverter is fault-free, the LFP/HPF
acting as LPF produces an output signal with a maximum
voltage value of approximately 0.95V. On the other hand,
when the inverter is faulty, the LFP/HPF acting as LPF gives
an output signal with a maximum voltage value of
approximately 3.5V. Therefore, the maximum voltage values
given at the output of LPF change from 0.95V (in the fault-free
case) to 3.5V (in the faulty case). We can consequently choose
Vi to be equal to 2.5V, which is half the voltage value of the
considered power supply voltage. This way, as shown in Fig. 7,
we can simply implement the comparators Cmpl,2 by a
cascade of two symmetric NOTs (we use two NOTs to avoid
signal inversions), whose logic threshold (¥.7) is equal to 2.5V.

We have verified the described behavior of our monitor by
means of electrical level simulations performed by HSPICE.

We have emulated each possible short/open affecting the
inverter as described in Section III. As usual to concurrent fault
detection, we have assumed that faults occur one at a time [12].

As an example, Fig. 8 shows the Vour produced by the
inverter, together with signals F/ and F2 given to the output of
our proposed monitor when: i) the inverter is fault-free (before
time ¢7); ii) the Controller of the inverter is affected by a fault
making V1 behave as if stuck-at 0 (after time #7).

We can observe that, as expected, before the fault
occurrence at time ¢/, the outputs of our monitor (F1, F2)

alternate from (1,0) to (0,1), with a frequency equal to that of
signal CK, thus indicating a fault-free condition. Instead, after
time ¢/, due to the presence of the fault, Vour is distorted and
(F1, F2) = (1,1), thus correctly indicating the presence of the
fault. We have verified that our proposed monitor behaves this
way for all possible inverter faults, but for the open faults on
diodes D1-D4 which, however, as proven before, do not reduce
the power that the inverter delivers to the load. Therefore, our
monitor allows to detect all inverter’s faults possibly reducing
the power efficiency of the PV system.
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Fig. 8. Simulation results showing the Vour produced by the inverter and
signals F'1 and F2 given to the output of our monitor when the inverter is fault-
free (before ¢/), and when the Controller of the inverter is affected by a fault
making V1 behave as if stuck-at 0 (after /7).

VI. MONITOR SELF-CHECKING ABILITY AND POWER COST

Our monitor should be self-checking with respect to its
internal faults, in order to avoid that they can compromise the
monitor effectiveness. Similarly to the inverter, we have
considered a set of faults & possibly affecting our monitor
consisting of: shorts between the drain and the source terminals
of the transistors; opens on the gate terminal of the transistors;
shorts between the two terminals of diodes; opens between the
two terminals of diodes.

Similarly to checkers of self-checking circuits (SCCs) (e.g.,
those in [18]), our monitor should satisfy either the Totally
Self-Checking (TSC) [12], or the Strongly Code-Disjoint (SCD)
[19] property with respect to the faults in & Moreover, we have
assumed the conventional hypotheses that [12]: 1) faults occur
one at a time; 2) the time elapsing between the occurrence of
two successive faults is longer than a period of the CK signal.

We have verified that our monitor satisfies the 7SC
property with respect to most faults in &, while it satisfies the
SCD property with respect to the remaining faults in &, that
are: i) shorts affecting the diode of the peak detector (D in Fig.
7); ii) shorts affecting transistors of the NOTs of comparators
Cmpl,2 (Fig. 7); iii) shorts affecting the pMOS transistors of
the NOT and EXOR gates of the pulse generator (Fig. 7).

More in details, under fault-free (faulty) conditions, our
monitor maps fault-free (distorted) harmonic components of
Ipy at its input into indications of correct operation (error) at its
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output. Thus our monitor satisfies the code-disjoint (CD)
property [12]. Moreover, we have verified that the majority of
faults in & (i.e., all faults but those in i), ii) and iii)) are
activated during one CK semi-period. When activated, they
result in the generation of an error indication at the output of
our monitor (i.e., (FI, F2) = (1,1) or (0,0)) during the whole
CK semi-period. Consequently, our monitor in self-testing
(ST) [12] with respect to them. In the CK semi-period during
which these faults are not activated, our monitor behaves as if
it were fault-free. Therefore, our monitor is also fault-secure
(FS) [12] with respect to these faults, therefore 7SC.

As for faults in i), ii) and iii), they cannot be detected (so
our monitor is not ST with respect to them). However, they do
not affect the correct operation of our monitor. Moreover, we
have verified that if these faults are followed by another fault
in &, either our monitor produces an error indication (during
one CK semi-period), or such faults do not affect the correct
operation of our monitor, and this holds true for all possible
sequences of faults in & Therefore, our monitor satisfies the
SCD property with respect to these faults.

Finally, we have evaluated the cost of our monitor in terms
of impact on the efficiency of the PV system.

The efficiency of a PV system without our monitor
(M5 mon @0d With our monitor (%, } can be expressed by:

100 -Pppaa

= and
FIMA"'FIﬂi'mw

Mg mon (78]
100 Flona

Frose+ Frperesr 7Py, TOSPECHIVELY,

Tmon (98) =

where Pj,qq is the power delivered by the inverter to the load,
Pimerer 1 the power dissipated by the inverter and Py, is the
power dissipated by our monitor.

By means of electrical level simulations performed by
HSPICE, we have found that it is P., = 0.6, independently
of the power delivered by the inverter to the load. As an
example, for a P =100W, the power dissipated by the
inverter iS Pimerer = YW, so that the power dissipated by our
monitor is approximately only the 6.7% of that dissipated by
the inverter. Consequently, the efficiency of the PV system
without our monitor is 77,0 mon = 91.7%, while it is 7jmen = 91.2%
when our monitor is employed.

VII. CONCLUSIONS

We have analyzed the effects of faults likely to affect the
inverter of photovoltaic systems in the field. We have shown
that they can reduce dramatically (up to the 80%) the power
delivered to the load. We have then proposed a self-checking
monitor, that is able to detect the occurrence of such inverter’s
faults in the field (by producing a proper error message), as
well as faults possibly affecting itself. Our monitor can be
adopted to guarantee the concurrent on-line test of faults
affecting the inverter of photovoltaic systems. Moreover, if
used together with proper recovery strategies, for instance
based on hardware reconfiguration of the array in order to
exclude the faulty inverter and substitute it by a proper spare,

our monitor can provide photovoltaic systems with fault
tolerance ability, thus meeting the increasing demand for
reliable photovoltaic systems.
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