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connect two photovoltaic modules in series or in parallel and
a method for controlling the same. According to the present
invention, it is possible to maximize power generation
efficiency by controlling series/parallel connection based on
changes in current flowing through a pair of external con-
nection terminals of the photovoltaic module controller or a
string connecting multiple photovoltaic module controllers
in series.
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INTELLIGENT PHOTOVOLTAIC MODULE

CONTROLLER AND CONTROL METHOD

THEREOF

TECHNICAL FIELD

The present invention relates to an intelligent photovoltaic
module controller that can maximize power generation
efficiency of a photovoltaic power generation system in
which multiple photovoltaic modules are arranged by
switching electrical connection between the photovoltaic
modules in response to a control signal and a method for
controlling the same.

BACKGROUND ART

A basic unit that generates direct current electricity from
sunlight is called a cell, and multiple cells are connected to
form a module, which is a basic unit from which electricity
is drawn. In general, a photovoltaic power generation system
includes one or more arrays of multiple photovoltaic mod-
ules connected in series and a power converter converting
DC to DC power or AC power. FIG. 1 is a schematic
diagram of a conventional photovoltaic power system.

A photovoltaic module is designed with multiple cells
connected in series or parallel to produce a desired amount
of power. Under international standard test conditions (inci-
dent irradiance: 1,000 W/m, solar cell temperature: 25° C.,
atmospheric mass: 1.5), the magnitude of open voltage
generated by a single cell is about 0.5 V to 0.6 V and the
magnitude of short-circuit current generated by the cell is
about 8 A, although varying depending on the size and
quality thereof. The most important factors influencing
voltage-current characteristics of electricity generated by a
photovoltaic module are temperature and insolation. As the
temperature increases, a voltage generated by the photovol-
taic module decreases, and as the temperature decreases, the
voltage increases. For example, in the case of silicon solar
cells, energy conversion efficiency is known to decrease by
about 0.4% for every 1° C. increase in temperature. If the
surface temperature of cells rises to 60° C. to 70° C. in the
summer, a power generation rate can decrease due to reduc-
tion in generated voltage per cell despite there being enough
insolation. For a given voltage, a current that a photovoltaic
module allows to flow is proportional to insolation. That is,
the current increases with increasing insolation. However,
once a maximum current allowed to flow through a cell is
reached, the current can no longer increase despite increase
in insolation. Accordingly, an ideal maximum power is
produced by allowing a maximum current to flow through
the cell at a maximum voltage level.

A photovoltaic module includes a large number of cells
connected in series. If a certain cell does not receive enough
sunlight and a current flowing therethrough decreases, the
cell becomes a “bottleneck” acting as a load to other cells.
If decrease in current occurs in any of multiple cells con-
nected in series, this reduces a total current of a line of cells
connected in series, resulting in significant reduction in
power generation efficiency and, in severe cases, causing
damage to the cell due to occurrence of a hot spot. Heat from
a faulty cell can cause secondary failures to the entire
module. In order to avoid these problems, cells may be
grouped into several groups to provide a bypass circuit that
allows current to bypass cells in a group including a faulty
cell, and a reverse current protection diode may be provided
to prevent reverse current due to decrease in voltage gen-
erated by the photovoltaic module.

Voltage-current fluctuations of a photovoltaic module
caused by changes in insolation/temperature due to weather,
shadows, pollution, etc. or occurrence of accidents or faults
are important factors making photovoltaic power generation
less efficient. A current-voltage relationship allowing pro-
duction of a maximum power is variable. Accordingly,
various maximum power point tracking (MPPT) control
methods are known in the art to increase the overall power
generation efficiency of a photovoltaic power generation
system under varying conditions. For example, Korean
Patent Laid-open Publication (KR) No. 10-2013-0025286
discloses technology that controls a power inverter to track
a maximum power point.

However, even when the power converter is controlled to
track the maximum power point, operation of the power
converter is bound to be interrupted in a situation where a
voltage generated by a photovoltaic module array drops
below the operating range of the power converter. When
energy conversion efficiency of cells constituting a photo-
voltaic module decreases due to a high-temperature event or
decrease in insolation caused by changes in weather condi-
tions, an undervoltage trip device of the power converter is
operated for a certain period of time (for example, 5 min-
utes) to protect internal circuits thereof. As a result, power
generation is impossible even under suitable weather con-
ditions for power generation, causing reduction in overall
energy efficiency of photovoltaic power generation and
damage to or decrease in lifespan of an overloaded internal
circuit of the power converter due to an electrical surge or
an arc that can occur during operation of the undervoltage
trip device. In this regard. Korean Patent Laid-open Publi-
cation (KR) No. 10-2011-0038975 discloses technology that
enables a main solar cell module and an auxiliary solar cell
module to be connected either in series or in parallel
depending on the total output voltage of a solar cell module
such that the total output voltage of the solar cell module can
be maintained within the normal operating range of a power
converter (an inverter). However, this technology has a
problem in that a separate auxiliary battery or voltage
booster is required and voltage support using such as device
is only provided temporarily for the purpose of preventing
the power converter from being stopped.

If a power generation rate of a certain photovoltaic
module is reduced due to shadowing caused by clouds,
contamination of a cell surface, faults, etc. and the photo-
voltaic module acts as a bottleneck that limits the flow of
current, this can cause reduction in total current of an array
of photovoltaic modules connected in series to the photo-
voltaic module and thus decrease in overall power genera-
tion efficiency. In this case, even when a voltage of the array
is temporarily increased, loss of power generated by other
normal photovoltaic modules is unavoidable. In this regard.
Korean Patent Registration (KR) No. 10-1743908 discloses
management technology that allows efficient and uninter-
rupted operation of a photovoltaic power generation system
by installing a sensor module and a bypass circuit on each
photovoltaic module to exclude (bypass) a defective or
malfunctioning photovoltaic module from a power genera-
tion line. In order to perform control for bypassing a
defective or malfunctioning photovoltaic module, each pho-
tovoltaic module needs to be provided with a bypass switch
circuit and a sensor for monitoring a condition (faults) of the
photovoltaic module, which leads to cost increase and thus
reduction in profitability of the photovoltaic power genera-
tion system. Although the current produced by each photo-
voltaic module is sensitive to conditions, such as weather,
environmental changes, and faults, the same current (total
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current) flows through each photovoltaic module connected

in series on a string. Accordingly, even when the current

produced by a certain photovoltaic module decreases, it is

difficult to determine which photovoltaic module is respon-

sible for decrease in total current. In addition, since the effect
of the aforementioned conditions on voltage is relatively
small and a change in voltage does not necessarily lead to
decrease in total current, monitoring the voltage generated
by each photovoltaic module is not sufficient to determine
which photovoltaic module is responsible for decrease in
total current.

DISCLOSURE

Technical Problem

The present invention has been conceived to solve such
problems in the art and it is one object of the present
invention to provide an intelligent photovoltaic module
controller which can switch electrical connection between
photovoltaic modules to series or parallel connection,
thereby ensuring more efficient photovoltaic power genera-
tion and easier maintenance without detecting voltage or
current of individual photovoltaic modules.

It is another object of the present invention to provide a
method for controlling the intelligent photovoltaic module
controller, which enables photovoltaic modules to be elec-
trically connected in series or in parallel, thereby ensuring
more efficient photovoltaic power generation and easier
maintenance.

Technical Solution

In accordance with one aspect of the present invention,
there is provided an intelligent photovoltaic module con-
troller for switching electrical connection between photo-
voltaic modules each comprising multiple solar cells con-
nected to one another. The intelligent photovoltaic module
controller includes: a first pair of input terminals electrically
connected to positive (+) and negative (−) terminals of a first
photovoltaic module, respectively; a second pair of input
terminals electrically connected to positive (+) and negative
(−) terminals of a second photovoltaic module, respectively;
a pair of positive (+) and negative (−) external connection
terminals electrically connected to a power converter or
electrically connected in series to another intelligent photo-
voltaic module controller; a series circuit connected between
the first pair of input terminals, the second pair of input
terminals, and the pair of external connection terminals such
that one terminal of the first pair of input terminals is
electrically connected to one terminal of the second pair of
input terminals having an opposite polarity thereto and the
other terminals of the first and second pairs of input termi-
nals are electrically connected to the positive (+) and nega-
tive (−) external connection terminals, respectively; a par-
allel circuit connected between the first pair of input
terminals, the second pair of input terminals, and the pair of
external connection terminals such that the positive (+) and
negative (−) terminals of the first pair of input terminals are
electrically connected to the positive (+) and negative (−)
terminals of the second pair of input terminals, respectively,
which, in turn, are electrically connected to the positive (+)
and negative (−) external connection terminals, respectively;
a switch circuit performing switching operation to connect a
selected one of the series circuit and the parallel circuit
between the first pair of input terminals, the second pair of
input terminals, and the pair of external connection termi-

nals; and a control unit controlling the switch circuit to
perform switching between series connection and parallel
connection, wherein, when electrical connection between
the first and second photovoltaic modules is switched from
the series circuit to the parallel circuit, determination as to
whether to switch electrical connection between the first and
second photovoltaic modules back to the series circuit is
made based on changes in current flowing through the pair
of external connection terminals or a string connected to the
pair of external connection terminals due to switching to the
parallel circuit.

The intelligent photovoltaic module controller may fur-
ther include: a current sensor detecting a magnitude of
current flowing through the pair of external connection
terminals.

The intelligent photovoltaic module controller may fur-
ther include: a voltage sensor detecting a magnitude of
voltage applied between the pair of external connection
terminals.

When the control unit controls switching operation of the
switch circuit such that the parallel circuit is connected
between the first and second photovoltaic modules, the
control unit may compare a magnitude of current detected
by the current sensor with a magnitude of current detected
before circuit switching and may independently control
switching operation of the switch circuit such that, when the
magnitude of current measured after switching to the par-
allel circuit is increased by a predetermined value or more
compared to the magnitude of current measured before
switching to the parallel circuit, the first and second photo-
voltaic modules are allowed to stay connected in parallel
and, when the magnitude of current measured after switch-
ing to the parallel circuit is increased by less than the
predetermined value compared to the magnitude of current
measured before switching to the parallel circuit, the first
and second photovoltaic modules are connected back to the
series circuit.

The control unit may control switching operation of the
switch circuit such that the first and second photovoltaic
modules are periodically connected to the parallel circuit at
a predetermined time interval to check a status of power
generation.

The intelligent photovoltaic module controller may fur-
ther include: a communication unit communicating with the
power converter and having a unique identification code
(ID), wherein, when the communication unit receives a
circuit control command, the control unit may control
switching operation of the switch circuit in response to the
circuit control command.

The intelligent photovoltaic module controller may fur-
ther include: a power supply unit connected to the first and
second pairs of input terminals to supply power required for
operation of internal components of the intelligent photo-
voltaic module controller.

The intelligent photovoltaic module controller may fur-
ther include: a reverse current prevention circuit connected
to the pair of external connection terminals to prevent
reverse current from flowing from outside, the reverse
current prevention circuit comprising a fuse or PTC therm-
istor to provide protection from overpower due to a fault or
accident.

In accordance with another aspect of the present inven-
tion, there is provided a method for controlling an intelligent
photovoltaic module controller switching electrical connec-
tion between photovoltaic modules each comprising mul-
tiple solar cells connected to one another, wherein the
intelligent photovoltaic module controller includes: a first
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pair of input terminals electrically connected to positive (+)

and negative (−) terminals of a first photovoltaic module,

respectively; a second pair of input terminals electrically

connected to positive (+) and negative (−) terminals of a

second photovoltaic module, respectively; a pair of positive

(+) and negative (−) external connection terminals electri-

cally connected to a power converter or electrically con-

nected in series to another intelligent photovoltaic module

controller; a series circuit connected between the first pair of

input terminals, the second pair of input terminals, and the

pair of external connection terminals such that one terminal

of the first pair of input terminals is electrically connected to

one terminal of the second pair of input terminals having an

opposite polarity thereto and the other terminals of the first

and second pairs of input terminals are electrically con-

nected to the positive (+) and negative (−) external connec-

tion terminals, respectively; a parallel circuit connected

between the first pair of input terminals, the second pair of

input terminals, and the pair of external connection termi-

nals such that the positive (+) and negative (−) terminals of

the first pair of input terminals are electrically connected to

the positive (+) and negative (−) terminals of the second pair

of input terminals, respectively, which, in turn, are electri-

cally connected to the positive (+) and negative (−) external

connection terminals, respectively; a switch circuit perform-

ing switching operation to connect a selected one of the

series circuit and the parallel circuit between the first pair of

input terminals, the second pair of input terminals, and the

pair of external connection terminals; and a control unit

controlling the switch circuit to perform switching between

series connection and parallel connection. The method

includes: detecting a change in current flowing through the

pair of external connection terminals when the switch circuit

switches electrical connection between the first and second

photovoltaic modules from the series circuit to the parallel

circuit; and determining whether to connect the first and

second photovoltaic modules back to the series circuit based

on the detected change in current.

The step of determining whether to connect the first and

second photovoltaic module back to the series circuit may

include: allowing the first and second photovoltaic modules
to stay connected to the parallel circuit when a magnitude of
current measured after switching to the parallel circuit is
increased by a predetermined value or more compared to a
magnitude of current measured before switching to the
parallel circuit; and connecting the first and second photo-
voltaic modules back to the series circuit when a magnitude
of current measured after switching to the parallel circuit is
increased by less than the predetermined value compared to
a magnitude of current measured before switching to the
parallel circuit.

The step of detecting a change in current may include
detecting a change in current flowing through a string
connected to the pair of external connection terminals of the
intelligent photovoltaic module controller.

The method may further include: controlling, by a control
unit of the power converter, switching operation of the
switch circuit such that the first and second photovoltaic
modules are periodically connected to the parallel circuit at
a predetermined time interval to check a status of power
generation.

The intelligent photovoltaic module controller may fur-
ther include: a communication unit communicating with the
power converter and having a unique identification code
(ID) and, when the communication unit receives a circuit

control command, the control unit may control switching
operation of the switch circuit in response to the circuit
control command.

The method may further include: communicating with at
least two intelligent photovoltaic module controllers
installed on the power converter and connected in series via
a string connected to respective pairs of external connection
terminals thereof to remotely control the at least two intel-
ligent photovoltaic module controllers, wherein the step of
determining whether to connect the first and second photo-
voltaic modules back to the series circuit may include:
allowing the first and second photovoltaic modules to stay
connected to the parallel circuit when a magnitude of current
measured after switching to the parallel circuit is increased
by a predetermined value or more compared to a magnitude
of current measured before switching to the parallel circuit;
and connecting the first and second photovoltaic modules
back to the series circuit when a magnitude of current
measured after switching to the parallel circuit is increased
by less than the predetermined value compared to a magni-
tude of current measured before switching to the parallel
circuit, and, when the first and second photovoltaic modules
are allowed to stay connected to the parallel circuit, a
corresponding intelligent photovoltaic module controller
may be identified by the unique identification code (ID) to
provide information about a status of power generation.

The step of detecting a change in current flowing through
the pair of external connection terminals may include detect-
ing, by a sensor unit of the power converter, a change in
current flowing through the string connecting the at least two
intelligent photovoltaic module controllers in series to con-
trol each of the intelligent photovoltaic module controllers
based thereon.

The power converter may inform an administrator at a
remote location of an abnormal situation subject to prede-
termined conditions or may provide information in response
to a query from a remote location.

Advantageous Effects

The intelligent photovoltaic module controller according
to the present invention can adaptively switch electrical
connection between photovoltaic modules to series or par-
allel to track a maximum power point in response to a
situation where the magnitude of voltage/current of a certain
photovoltaic module decreases due to various causes such as
weather changes, temperature, pollution, and faults. The
intelligent photovoltaic module controller is useful for an
array of photovoltaic modules connected via a single string,
and may also be installed as an add-on to an existing
photovoltaic power generation system.

According to the present invention, connection between
photovoltaic modules can be switched between series and
parallel in real time based on detection and analysis of
voltage or current of each intelligent photovoltaic module
controller and it is possible to easily identify a photovoltaic
module with a problem to take necessary actions based on
measured voltage or current information.

According to the present invention, a power converter can
continue to operate in MPPT mode by series/parallel switch-
ing of electrical connection between photovoltaic modules,
thereby reducing the number of times operation of the power
converter is interrupted and thus improving power genera-
tion efficiency and preventing reduction in service life and
failure of the power converter.

DESCRIPTION OF DRAWINGS

The above and other aspects, features, and advantages of
the present invention will become apparent from the detailed
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description of the following embodiments in conjunction

with the accompanying drawings:

FIG. 1 is a schematic diagram of a conventional photo-
voltaic power system;

FIG. 2 is a diagram of a power converter controlling an
intelligent photovoltaic module controller for series/parallel
switching according to the present invention;

FIG. 3 is a diagram of the intelligent photovoltaic module
controller for series/parallel switching and the power con-
verter according to the present invention; and

FIG. 4 is a diagram illustrating one embodiment of the
power converter controlling the intelligent photovoltaic
module controller according to the present invention.

MODE FOR INVENTION

Hereinafter, exemplary embodiments of the present
invention will be described with reference to the accompa-
nying drawings. It should be understood that the present
invention is not limited thereto and may be embodied in
different ways. The following embodiments are provided for
complete disclosure and thorough understanding of the
present invention by those skilled in the art. It should be
noted that like components will be denoted by like reference
numerals throughout the specification.

In addition, description of known functions and construc-
tions which may unnecessarily obscure the subject matter of
the present invention will be omitted. It will be understood
that elements shown in the drawings are not necessarily
drawn to scale for descriptive convenience and clarity. For
example, the dimensions of some of the elements may be
exaggerated relative to other elements for clarity. However,
it will be understood by those skilled in the art that the
present invention may be practiced without these specific
details.

FIG. 2 is a diagram of a power converter controlling an
intelligent photovoltaic module controller according to the
present invention, wherein the intelligent photovoltaic mod-
ule controller can switch electrical connection between two
photovoltaic modules to series or parallel connection. The
intelligent photovoltaic module controller 100 according
one embodiment of the present invention includes: two pairs
of input terminals electrically connected to pairs of positive
(+) and negative (−) terminals of the two photovoltaic
modules, respectively; and a pair of positive (+) and nega-
tive (−) external connection terminals electrically connected
in series to a neighboring power converter or another
intelligent photovoltaic controller. Respective pairs of exter-
nal connection terminals of multiple intelligent photovoltaic
module controllers 100 are connected in series to form a
photovoltaic module array, wherein an output voltage of the
array is equal to the sum of voltages across the respective
pairs of external connection terminals of the multiple pho-
tovoltaic module controllers.

For example, when two photovoltaic modules each hav-
ing an output voltage of 40 V are connected in series, a
voltage across the pair of external connection terminals of
the photovoltaic module controller at steady state is 80 V
and an output voltage of an array of 10 such photovoltaic
module controllers connected in series is 800 V. Since the
photovoltaic module controllers are all connected in series,
the same magnitude of current flows through each photo-
voltaic module in the array. Assuming a current of 10 A
flows through each photovoltaic module in the array, a total
generated power is 800 V×10 A=8000 W. If electrical
connection between two photovoltaic modules connected to
each photovoltaic module controller is switched to parallel

connection, an output voltage of the array is 400 V and an
output current of the array is 20 A. Thus, a total generated
power is 400 V×20 A=8000 W, which is equal to the total
generated power when the photovoltaic modules in the array
are all connected in parallel if there is no problem with any
of the photovoltaic modules. However, if any one of the
photovoltaic module controllers connects two photovoltaic
modules connected thereto in series, a total current of the
array is limited to 10 A, which corresponds to a current of
one photovoltaic module.

A series/parallel switching circuit unit 120 includes: a
series circuit, a parallel circuit, and a switch circuit perform-
ing switching between the series circuit and the parallel
circuit. The series circuit is connected between a first pair of
input terminals, a second pair of input terminals, and the pair
of external connection terminals of the photovoltaic module
controller 100 connected to the two photovoltaic modules
such that one terminal of the first pair of input terminals is
electrically connected to one terminal of the second pair of
input terminals having an opposite polarity thereto and the
other terminals of the first and second pairs of input termi-
nals are electrically connected to the positive (+) and nega-
tive (−) external connection terminals, respectively. The
parallel circuit is connected between the first pair of input
terminals, the second pair of input terminals, and the pair of
external connection terminals such that the positive (+) and
negative (−) terminals of the first pair of input terminals are
electrically connected to the positive (+) and negative (−)
terminals of the second pair of input terminals, respectively,
which, in turn, are electrically connected to the positive (+)
and negative (−) external connection terminals, respectively.
The switch circuit performs switching operation to connect
a selected one of the series circuit and the parallel circuit
between the first pair of input terminals, the second pair of
input terminals, and the pair of external connection termi-
nals in response to a signal from a control unit 130.

The intelligent photovoltaic module controller may con-
trol switching operation for switching between series con-
nection and parallel connection based on monitoring of the
power generation status of the photovoltaic modules through
detection of current or voltage across the pair of external
connection terminals. The control unit 130 may compare the
magnitude of current or voltage detected upon circuit
switching with the magnitude of current or voltage detected
before circuit switching. The magnitude of current or volt-
age detected before circuit switching may be stored in a
corresponding sensor to be transmitted to the control unit as
needed, or may be transmitted to and stored in the control
unit. The control unit 130 may independently control switch-
ing operation of the switch circuit for switching between
series connection and parallel connection subject to prede-
termined conditions, or may control switching operation in
response to a command from the power converter 200 when
the intelligent photovoltaic module controller includes a
communication unit 160. Since a total voltage of the pho-
tovoltaic module array needs to be higher than a predeter-
mined minimum operating voltage of the power converter
200 in order for the power converter 200 to continue to
operate without interruption, when the total voltage of the
array drops below the predetermined minimum operating
voltage due to effects of sunrise, sunset, weather, etc., every
switch circuit connected to the parallel circuit may be
controlled to be connected to the series circuit.

A current sensor 140 detects a current flowing through the
pair of external connection terminals. Current information
detected when the switch circuit connects the parallel circuit
between the two photovoltaic modules may be transmitted to
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the control unit to determine whether the switch circuit
needs to perform switching to the series circuit or the
parallel circuit, or may be transmitted to the power converter
via a communication unit. The power converter may col-
lectively control all intelligent photovoltaic module control-
lers connected thereto. The power converter and the intel-
ligent photovoltaic module controller may communicate
with each other via a wired or wireless network.

If a problem occurs in one of two photovoltaic modules
connected to the photovoltaic module controller, this can
significantly influence the magnitude of current generated by
the photovoltaic module with the problem. Accordingly, the
magnitude of current flowing through the pair of external
connection terminals is measured when the two photovoltaic
modules are connected to the parallel circuit to be compared
with the magnitude of current stored before circuit switch-
ing. If the measured magnitude of current is greater than the
stored magnitude of current, this indicates that there is a
problem with the power generation status of the photovoltaic
modules. Even when some photovoltaic modules in the
photovoltaic module array are connected to the parallel
circuit, a maximum current flowing through the other pho-
tovoltaic modules connected to the series circuit does not
increase. Accordingly, in a normal situation, even when one
intelligent photovoltaic module controller performs switch-
ing from the series circuit to the parallel circuit, a total
current flowing through the pair of external connection
terminals does not increase. However, in a situation where
one of the two photovoltaic modules connected to the
photovoltaic module controller acts as a bottleneck in the
flow of current, switching the two photovoltaic modules to
parallel connection can increase a total current flowing
through the pair of external connection terminals. As such,
decrease in current produced by one photovoltaic module in
the photovoltaic module array connected in series causes the
magnitude of total current of the array to be limited to a
small value, a loss of generated power is incurred due to
decrease in total current even when the other photovoltaic
modules operate normally. Accordingly, when the magni-
tude of current detected by the current sensor 140 after
switching to the parallel circuit is greater than the magnitude
of current before circuit switching, the switch circuit may be
controlled to allow the two photovoltaic modules to stay
connected in parallel, thereby preventing the total current of
the array from being limited to a small value. Determination
as to whether to control the switch circuit to perform
switching to the series circuit or allow the two photovoltaic
modules to stay connected in parallel may be made based on
comparison of a power loss resulting from decrease in total
voltage of the array caused by allowing the two photovoltaic
modules to stay connected in parallel with a power loss
resulting from a situation where the total current of the array
is limited to a small value and a current across the other
photovoltaic modules operating normally is thus also limited
when the two photovoltaic modules are switched back to
series connection.

Without comparing the magnitudes of current before and
after switching to parallel connection, it is difficult to
determine which photovoltaic module is responsible for
decrease in current when the photovoltaic modules in the
array are connected to the series circuit. Accordingly, a
current value detected by the current sensor needs to be
temporarily stored. The control unit 130 controls the switch
circuit such that the two photovoltaic modules are periodi-
cally connected to the parallel circuit at a predetermined
time interval and the current sensor 140 detects a current
flowing through the pair of external connection terminals of

the intelligent photovoltaic module controller. Such a circuit
switching operation for checking the power generation sta-
tus may be performed independently by each intelligent
photovoltaic module controller, or may be performed
sequentially by each photovoltaic module controller based
on interaction with other photovoltaic module controllers or
in response to a command from the power converter when
the intelligent photovoltaic module includes a communica-
tion unit 160. Even if there is a voltage difference between
photovoltaic modules connected in parallel, this does not
cause reverse current since typical commercially available
photovoltaic modules are provided with a reverse current
prevention circuit.

The intelligent photovoltaic module controller may fur-
ther include a voltage sensor 150. When first and second
pairs of input terminals of each photovoltaic module are
connected to the series circuit, the voltage sensor 150 detects
the magnitude of voltage applied between the pair of exter-
nal connection terminals. If the detected magnitude of
voltage is less than a predetermined value, this indicates that
there is a problem with the power generation status of the
photovoltaic module. When there is some difference in
insolation between photovoltaic modules, the magnitude of
generated voltage is less sensitive thereto than the magni-
tude of generated current. If the detected magnitude of
voltage is significantly low, there is a high possibility that
the magnitude of current has also decreased. Accordingly,
the control unit 130 controls the switch circuit to connect the
first and second pairs of input terminals to the parallel circuit
and the current sensor 140 detects the magnitude of current
flowing through the pair of external connection terminals. If
there is no significant difference in magnitude of current
between before and after switching to parallel connection,
the control unit 130 controls the switch circuit to reconnect
the first and second pairs of input terminals to the series
circuit. When an output voltage of the array drops below a
minimum voltage required for the power converter due to
sunset or the like and operation of the power converter is
interrupted, the switch circuit of each intelligent photovol-
taic module controller is stopped while connected to the
series circuit.

The power converter controlling the intelligent photovol-
taic module controller according to the present invention
may control switching operation for switching between
series connection and parallel connection as needed based
on monitoring of the power generation status of the photo-
voltaic modules through detection of current or voltage
across the pair of external connection terminals. A control
unit 220 may compare the magnitude of current or voltage
detected upon circuit switching with the magnitude of
current or voltage detected before circuit switching. The
magnitude of current or voltage detected before circuit
switching may be stored in a sensor unit 210 to be trans-
mitted to the control unit 220 as needed, or may be trans-
mitted to and stored in the control unit 220. The control unit
220 may independently control switching operation of the
switch circuit for switching between series connection and
parallel connection subject to predetermined conditions, or
may control switching operation in response to a command
from the power converter 200 when the intelligent photo-
voltaic module controller includes a communication unit
160. Since a total voltage of the photovoltaic module array
needs to be higher than a predetermined minimum operating
voltage of the power converter 200 in order for the power
converter 200 to continue to operate without interruption,
when the total voltage of the array drops below the prede-
termined minimum operating voltage due to effects of
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sunrise, sunset, weather, etc., every switch circuit connected
to the parallel circuit may be controlled to be connected to
the series circuit.

The sensor unit 210 of the power converter 200 detects a
current flowing through the pair of external connection
terminals. Current information detected when the switch
circuit connects the parallel circuit between the two photo-
voltaic modules may be transmitted to the control unit 220
to determine whether the switch circuit needs to perform
switching to the series circuit or the parallel circuit, or may
be transmitted to the intelligent photovoltaic module con-
troller via the communication unit 240. Although the com-
munication unit 240 may be disposed in the power converter,
including being embedded in the power converter, it will be
understood that the present invention is not limited thereto
and the communication unit 240 may be separately installed
in an intermediate or remote location of the photovoltaic
module array. The communication unit 240 may collectively
communicate with all intelligent photovoltaic module con-
trollers connected thereto. The power converter and the
intelligent photovoltaic module controller may communi-
cate with each other via a wired or wireless network.

If a problem occurs in one of two photovoltaic modules
connected to the photovoltaic module controller, this can
significantly influence the magnitude of current generated by
the photovoltaic module with the problem. Accordingly, the
magnitude of current flowing through the pair of external
connection terminals is measured when the two photovoltaic
modules are connected to the parallel circuit to be compared
with the magnitude of current stored before circuit switch-
ing. If the measured magnitude of current is greater than the
stored magnitude of current, this indicates that there is a
problem with the power generation status of the photovoltaic
modules. Even when some photovoltaic modules in the
photovoltaic module array are connected to the parallel
circuit, a maximum current flowing through the other pho-
tovoltaic modules connected to the series circuit does not
increase. Accordingly, in a normal situation, even when one
intelligent photovoltaic module controller performs switch-
ing from the series circuit to the parallel circuit, a total
current flowing through the pair of external connection
terminals does not increase. However, in a situation where
one of the two photovoltaic modules connected to the
photovoltaic module controller acts as a bottleneck in the
flow of current, switching the two photovoltaic modules to
parallel connection can increase a total current flowing
through the pair of external connection terminals. As such,
decrease in current produced by one photovoltaic module in
the photovoltaic module array connected in series causes the
magnitude of total current of the array to be limited to a
small value, a loss of generated power is incurred due to
decrease in total current even when the other photovoltaic
modules operate normally. Accordingly, when the magni-
tude of current detected by the sensor unit 210 after switch-
ing to the parallel circuit is greater than the magnitude of
current before circuit switching, the switch circuit may be
controlled to allow the two photovoltaic modules to stay
connected in parallel, thereby preventing the total current of
the array from being limited to a small value. Determination
as to whether to control the switch circuit to perform
switching to the series circuit or allow the two photovoltaic
modules to stay connected in parallel may be made based on
comparison of a power loss resulting from decrease in total
voltage of the array caused by allowing the two photovoltaic
modules to stay connected in parallel with a power loss
resulting from a situation where the total current of the array
is limited to a small value and a current across the other

photovoltaic modules operating normally is thus also limited
when the two photovoltaic modules are switched back to
series connection.

Without comparing the magnitudes of current before and
after switching to parallel connection, it is difficult to
determine which photovoltaic module is responsible for
decrease in current when the photovoltaic modules in the
array are connected to the series circuit. Accordingly, a
current value detected by the sensor unit 210 needs to be
temporarily stored. The control unit 220 controls the switch
circuit such that the two photovoltaic modules are periodi-
cally connected to the parallel circuit at a predetermined
time interval and the sensor unit 210 detects a current
flowing through the pair of external connection terminals of
each intelligent photovoltaic module controller. Such a
circuit switching operation for checking the power genera-
tion status may be performed independently by each intel-
ligent photovoltaic module controller, or may be performed
sequentially by each photovoltaic module controller based
on interaction with other photovoltaic module controllers or
in response to a command from the power converter 220
when the intelligent photovoltaic module includes a com-
munication unit 160. Even if there is a voltage difference
between photovoltaic modules connected in parallel, this
does not cause reverse current since typical commercially
available photovoltaic modules are provided with a reverse
current prevention circuit.

In addition, the sensor unit 210 of the power converter
may detect voltage. That is, when first and second pairs of
input terminals of each photovoltaic module are connected
to the series circuit, the sensor unit 210 detects the magni-
tude of voltage applied between the pair of external con-
nection terminals. If the detected magnitude of voltage is
less than a predetermined value, this indicates that there is
a problem with the power generation status of the photo-
voltaic module. When there is some difference in insolation
between photovoltaic modules, the magnitude of generated
voltage is less sensitive thereto than the magnitude of
generated current. If the detected magnitude of voltage is
significantly low, there is a high possibility that the magni-
tude of current has also decreased. Accordingly, the control
unit 220 controls the switch circuit to connect the first and
second pairs of input terminals to the parallel circuit and the
sensor unit 210 detects the magnitude of current flowing
through the pair of external connection terminals. If there is
no significant difference in magnitude of current between
before and after switching to parallel connection, the control
unit 220 controls the switch circuit to reconnect the first and
second pairs of input terminals to the series circuit. When an
output voltage of the array drops below a minimum voltage
required for the power converter due to sunset or the like and
operation of the power converter is interrupted, the switch
circuit of each intelligent photovoltaic module controller is
stopped while connected to the series circuit.

The intelligent photovoltaic module controller 100
according to the present invention may include a commu-
nication unit 160 communicating with the power converter
200 and having a unique identification code (ID). The
communication unit 160 transmits information about the
magnitude of voltage/current detected by the current sensor
140 or the voltage sensor 150, information about the status
of the switch circuit, and the like to the power converter 200
controlling the total output power of the array and may
receive a serial/parallel circuit control command.

As described above, a separate sensor unit 210 may be
provided to the power converter 200 to detect a total current
of the photovoltaic module array input to the power con-

US 12,316,275 B2

11 12

5

10

15

20

25

30

35

40

45

50

55

60

65



verter. In this case, the current sensor 140 or the voltage
sensor 150 may be omitted from the intelligent photovoltaic
module controller. Based on a change in current detected by
the separate sensor unit 210, the power converter 200 may
transmit a command to the communication unit of the
photovoltaic module controller, which has a specific iden-
tification code (ID), to perform switching between the serial
circuit and the parallel circuit. Since the respective pairs of
external connection terminals of the photovoltaic module
controllers are connected in series, a current flowing through
each pair of external connection terminals is equal to a total
current of the array input to the power converter. Accord-
ingly, the power converter 200 may transmit a command to
the communication unit 160 of a specific photovoltaic
module controller to connect two photovoltaic modules
connected to the photovoltaic module controller to the
parallel circuit, may detect a change in total current of the
array after execution of circuit switching, and may control
whether to allow the two photovoltaic modules to stay
connected to the parallel circuit based thereon. For example,
if the total current increases after switching the switch
circuit of a specific photovoltaic module controller to the
parallel circuit, the power converter 200 allows two photo-
voltaic modules connected to the photovoltaic module con-
troller to stay connected in parallel based on determination
that the two photovoltaic modules act as a bottleneck of the
flow of current. If not, the power converter 200 controls the
photovoltaic module controller to switch the two photovol-
taic modules back to series connection. When the commu-
nication unit 160 of the photovoltaic module controller
receives a circuit control command from the power con-
verter 200, the control unit 130 may control switching
operation of the switch circuit in response to the control
command from the power converter, rather than indepen-
dently controlling switching operation, even when the pho-
tovoltaic module controller includes the current sensor 140
and/or the voltage sensor 150.

The intelligent photovoltaic module controller according
to the present invention may further include a power supply
unit 170 supplying power required for operation of the
internal components of the photovoltaic module controller
using generated power supplied from the pars of input
terminals.

The external connection terminals according to the pres-
ent invention may be connected to a reverse current preven-
tion circuit preventing reverse current from flowing from
outside, wherein the reverse current prevention circuit may
include a fuse or a positive temperature coefficient (PTC)
thermistor to provide protection from overpower caused by
a fault or accident.

According to one embodiment of the present invention,
the intelligent photovoltaic module controller may be con-
figured such that the control unit 130 actively determines the
presence of abnormalities in photovoltaic modules based on
current and/or voltage information detected by the sensors
140, 150. More specifically, the control unit 130 of each
intelligent photovoltaic module controller may allow two
photovoltaic modules electrically connected to the intelli-
gent photovoltaic module controller to be periodically con-
nected in series at a predetermined time interval and may
obtain voltage/current information for comparative purpose
through the sensors 140, 150. A magnitude of current
flowing though the pairs of external connection terminals
when the two photovoltaic modules are connected to the
series circuit is equal to a total current of the array. Thus, the
magnitude of current is stored as an initial current value. By
comparing the initial current value with a magnitude of

current flowing though the pairs of external connection

terminal pairs when the two photovoltaic modules are

switched back to parallel connection, it is possible to deter-

mine a change in current due to switching from series

connection to parallel connection. The control unit 130 may

independently control operation of the switch circuit such

that, if a current value substantially increases after switching

to parallel connection, the two photovoltaic modules stay

connected in parallel and, if not, the two photovoltaic

modules are switched back to series connection. If a current

flowing through the pair of external connection terminals

does not increase after the switch circuit of a certain pho-

tovoltaic module controller switches two photovoltaic mod-

ules connected to the photovoltaic module to parallel con-

nection, this indicates that there is no problem with the

power generation status of the photovoltaic modules con-

nected to the photovoltaic module controller. That is, by

allowing each intelligent photovoltaic module controller to

sequentially perform switching from the serial circuit to the

parallel circuit and check current values detected before and

after switching, it is possible to check the power generation
status of the photovoltaic modules while minimizing
changes in total output voltage of the array.

FIG. 3 is a diagram of the intelligent photovoltaic module
controller for series/parallel switching and the power con-
verter according to the present invention.

According to one embodiment of the present invention,
the power converter controlling the intelligent photovoltaic
module controller may be configured such that the control
unit 220 actively determines the presence of abnormalities in
photovoltaic modules based on current and/or voltage infor-
mation detected by the sensor unit 210. More specifically,
the control unit 220 may allow two photovoltaic modules
electrically connected to each intelligent photovoltaic mod-
ule controller to be periodically connected in series at a
predetermined time interval and may obtain voltage/current
information for comparative purpose through the sensor unit
210. A magnitude of current flowing though the pair of
external connection terminals when the two photovoltaic
modules are connected to the series circuit is equal to a total
current of the array. Thus, the magnitude of current is stored
as an initial current value. By comparing the initial current
value with a magnitude of current flowing though the pair of
external connection terminals when the two photovoltaic
modules are switched back to series connection, it is pos-
sible to determine a change in current due to switching from
series connection to parallel connection. The control unit
220 may independently control operation of the switch
circuit such that, if a current value substantially increases
after switching to parallel connection, the two photovoltaic
modules stay connected in parallel and, if not, the two
photovoltaic modules are switched back to series connec-
tion. If a current flowing through the pair of external
connection terminals does not increase after the switch
circuit of a certain photovoltaic module controller switches
two photovoltaic modules connected to the photovoltaic
module to parallel connection, this indicates that there is no
problem with the power generation status of the photovoltaic
modules connected to the photovoltaic module controller.
That is, by allowing each intelligent photovoltaic module
controller to sequentially perform switching from the serial
circuit to the parallel circuit and check current values
detected before and after switching, it is possible to check
the power generation status of the photovoltaic modules
while minimizing changes in total output voltage of the
array.
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Accordingly, when multiple photovoltaic modules are
provided, there may be provided multiple intelligent photo-
voltaic module controllers, wherein each intelligent photo-
voltaic module controller switches electrical connection of
two photovoltaic modules connected thereto between series
connection and parallel connection. Since each intelligent
photovoltaic module controller has a unique identification
code (ID), it is possible to easily identify which intelligent
photovoltaic module controller is in an abnormal condition
and it is sufficient to only check whether there is a problem
with two photovoltaic modules connected to the correspond-
ing intelligent photovoltaic module controller among the
multiple intelligent photovoltaic module controllers.

According to the present invention, multiple intelligent
photovoltaic module controllers may be connected in series
via a string 190 to deliver power generated by photovoltaic
modules to the power converter and may each independently
control series/parallel switching based on information
detected by the current sensor 140 and/or the voltage sensor
150. Thus, the intelligent photovoltaic module controller
may be applied to photovoltaic modules of an existing
photovoltaic power generation system without a separate
control device. The number of intelligent photovoltaic mod-
ule controllers connected to the string 190 may be varied
depending on total voltage requirements. In addition, the
number of photovoltaic modules connected to one intelligent
photovoltaic module controller may be appropriately set
depending on the installation environment or capacity of the
entire power generation system.

According to the present invention, the power converter
controlling the intelligent photovoltaic module controller
can prevent a bottleneck of the flow of current due to failure
of some photovoltaic modules, an environment thereof, or
the like through real-time adaptive control over series/
parallel switching of photovoltaic modules. In addition,
when a total generated voltage drops below a minimum
voltage required for the power converter, the power con-
verter can be prevented from being stopped by switching
photovoltaic modules from parallel connection to series
connection. A total generated voltage changes little at nor-
mal times, despite being highly influenced by environmental
changes such as sunrise, sunset, and clouds. However, when
a total generated voltage suddenly drops below the mini-
mum voltage required for the power converter, the control
unit 220 may control the switch circuit such that the two
photovoltaic modules having been connected in parallel due
to a change are connected in series, regardless of the change
in current.

The power converter 200 according to the present inven-
tion may provide information such that an administrator can
easily determine the presence of abnormalities in photovol-
taic modules 110 belonging to each intelligent photovoltaic
module controller 100 through remote monitoring. In this
way, upon detection of an abnormal condition in any of the
intelligent photovoltaic module controllers, a prompt
response including repair of faulty photovoltaic modules is
possible, thereby ensuring more efficient power generation
and easier system management. The power converter 200
may inform an administrator at a remote location of an
abnormal situation via a wireless network subject to prede-
termined conditions, or may provide information in response
to a query from a remote location. In addition, the power
converter 200 may transmit a control command to the
intelligent photovoltaic module controller to check the
power generation status and to perform switching between
the series circuit and the parallel circuit based thereon. The
power converter 200 may include a sensor unit 210 detecting

a total current flowing through the string 190. In this case,
since the power converter 200 transmits a control command
to the communication unit of the intelligent photovoltaic
module based on detection of changes in total current due to
circuit switching performed by the intelligent photovoltaic
module controller, the current sensor 140 and/or the voltage
sensor 150 may be omitted from the controller that operates
in response to the control command from the power con-
verter 200.

FIG. 4 is a diagram illustrating one embodiment of the
power converter controlling the intelligent photovoltaic
module controller according to the present invention. Refer-
ring to FIG. 4, 10 intelligent photovoltaic module controllers
and 20 photovoltaic modules (maximum voltage 40 V,
maximum current 10 A) are installed on each string. When
the photovoltaic modules are all connected in series, a total
voltage across the string 190 at steady state is 800 V, a
current is 10 A, and a total power is 8 kW. When the
photovoltaic modules are all connected in parallel, a total
voltage across the string 190 is 400 V, a current is 20 A, and
a total power is 8 KW (if only some photovoltaic modules
are connected in parallel, a total current can be limited to 10
A, rather than 20 A). If a current of one of the photovoltaic
modules connected in series decreases to 1 A due to an
external environment, a total current can be limited to 1 A,
resulting in a significant loss of generated power. Here,
when the intelligent photovoltaic module controller 100
connects the abnormal photovoltaic module to normal pho-
tovoltaic modules in parallel, it is possible to prevent a total
current from being limited to 1 A. In conventional photo-
voltaic power generation facilities, such an active response
is not possible since photovoltaic modules are always con-
nected in series.

The number of intelligent photovoltaic module controllers
100 for series/parallel switching, the number of photovoltaic
modules connected to each photovoltaic module controller,
and the capacity of the power converter dependent thereon
may be varied depending on manufacturer or user choices
and thus are not particularly restricted in the present inven-
tion.

Although some embodiments have been described herein,
it will be understood by those skilled in the art that various
other modifications and applications can be made without
departing from the spirit and scope of the invention. Such
modifications and applications should be construed as fall-
ing within the scope of the invention as defined by the
appended claims.

The invention claimed is:
1. An intelligent photovoltaic module controller for

switching electrical connection between photovoltaic mod-
ules each comprising multiple solar cells connected to one
another, the intelligent photovoltaic module controller com-
prising:

a first pair of input terminals electrically connected to
positive (+) and negative (−) terminals of a first pho-
tovoltaic module, respectively;

a second pair of input terminals electrically connected to
positive (+) and negative (−) terminals of a second
photovoltaic module, respectively;

a pair of positive (+) and negative (−) external connection
terminals electrically connected to a power converter or
electrically connected in series to another intelligent
photovoltaic module controller;

a series circuit connected between the first pair of input
terminals, the second pair of input terminals, and the
pair of external connection terminals such that one
terminal of the first pair of input terminals is electri-

US 12,316,275 B2

15 16

5

10

15

20

25

30

35

40

45

50

55

60

65



cally connected to one terminal of the second pair of
input terminals having an opposite polarity thereto and
the other terminals of the first and second pairs of input
terminals are electrically connected to the positive (+)
and negative (−) external connection terminals, respec-
tively;

a parallel circuit connected between the first pair of input
terminals, the second pair of input terminals, and the
pair of external connection terminals such that the
positive (+) and negative (−) terminals of the first pair
of input terminals are electrically connected to the
positive (+) and negative (−) terminals of the second
pair of input terminals, respectively, which, in turn, are
electrically connected to the positive (+) and negative
(−) external connection terminals, respectively;

a switch circuit performing switching operation to con-
nect a selected one of the series circuit and the parallel
circuit between the first pair of input terminals, the
second pair of input terminals, and the pair of external
connection terminals; and

a control unit controlling the switch circuit to perform
switching between series connection and parallel con-
nection,

wherein, when electrical connection between the first and
second photovoltaic modules is switched from the
series circuit to the parallel circuit, determination as to
whether to switch electrical connection between the
first and second photovoltaic modules back to the series
circuit is made based on changes in current flowing
through the pair of external connection terminals or a
string connected to the pair of external connection
terminals due to switching to the parallel circuit.

2. The intelligent photovoltaic module controller accord-
ing to claim 1, further comprising:

a current sensor detecting a magnitude of current flowing
through the pair of external connection terminals.

3. The intelligent photovoltaic module controller accord-
ing to claim 2, wherein, when the control unit controls
switching operation of the switch circuit such that the
parallel circuit is connected between the first and second
photovoltaic modules, the control unit compares a magni-
tude of current detected by the current sensor with a mag-
nitude of current detected before switching to the parallel
circuit and independently controls switching operation of the
switch circuit such that, when the magnitude of current
measured after switching to the parallel circuit is increased
by a predetermined value or more compared to the magni-
tude of current measured before switching to the parallel
circuit, the first and second photovoltaic modules are
allowed to stay connected in parallel and, when the magni-
tude of current measured after switching to the parallel
circuit is increased by less than the predetermined value
compared to the magnitude of current measured before
switching to the parallel circuit, the first and second photo-
voltaic modules are connected back to the series circuit.

4. The intelligent photovoltaic module controller accord-
ing to claim 2, wherein the control unit controls switching
operation of the switch circuit such that the first and second
photovoltaic modules are periodically connected to the
parallel circuit at a predetermined time interval to check a
status of power generation.

5. The intelligent photovoltaic module controller accord-
ing to claim 1, further comprising:

a voltage sensor detecting a magnitude of voltage applied
between the pair of external connection terminals.

6. The intelligent photovoltaic module controller accord-
ing to claim 1, further comprising:

a communication unit communicating with the power

converter and having a unique identification code (ID),

wherein, when the communication unit receives a circuit

control command, the control unit controls switching

operation of the switch circuit in response to the circuit

control command.

7. The intelligent photovoltaic module controller accord-

ing to claim 1, further comprising:

a power supply unit connected to the first and second pairs

of input terminals to supply power required for opera-

tion of internal components of the intelligent photovol-

taic module controller.

8. The intelligent photovoltaic module controller accord-

ing to claim 1, further comprising:

a reverse current prevention circuit connected to the pair

of external connection terminals to prevent reverse

current from flowing from outside, the reverse current

prevention circuit comprising a fuse or PTC thermistor

to provide protection from overpower due to a fault or

accident.

9. A method for controlling an intelligent photovoltaic

module controller switching electrical connection between

photovoltaic modules each comprising multiple solar cells

connected to one another, wherein the intelligent photovol-

taic module controller comprises:

a first pair of input terminals electrically connected to

positive (+) and negative (−) terminals of a first pho-

tovoltaic module, respectively;

a second pair of input terminals electrically connected to

positive (+) and negative (−) terminals of a second

photovoltaic module, respectively;

a pair of positive (+) and negative (−) external connection

terminals electrically connected to a power converter or

electrically connected in series to another intelligent

photovoltaic module controller;

a series circuit connected between the first pair of input

terminals, the second pair of input terminals, and the

pair of external connection terminals such that one

terminal of the first pair of input terminals is electri-

cally connected to one terminal of the second pair of

input terminals having an opposite polarity thereto and
the other terminals of the first and second pairs of input
terminals are electrically connected to the positive (+)
and negative (−) external connection terminals, respec-
tively;

a parallel circuit connected between the first pair of input
terminals, the second pair of input terminals, and the
pair of external connection terminals such that the
positive (+) and negative (−) terminals of the first pair
of input terminals are electrically connected to the
positive (+) and negative (−) terminals of the second
pair of input terminals, respectively, which, in turn, are
electrically connected to the positive (+) and negative
(−) external connection terminals, respectively;

a switch circuit performing switching operation to con-
nect a selected one of the series circuit and the parallel
circuit between the first pair of input terminals, the
second pair of input terminals, and the pair of external
connection terminals; and

a control unit controlling the switch circuit to perform
switching between series connection and parallel con-
nection,

the method comprising:
detecting a change in current flowing through the pair of

external connection terminals when the switch circuit
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switches electrical connection between the first and
second photovoltaic module from the series circuit to
the parallel circuit; and

determining whether to connect the first and second
photovoltaic modules back to the series circuit based on
the detected change in current.

10. The method for controlling an intelligent photovoltaic
module controller according to claim 9, wherein the step of
determining whether to connect the first and second photo-
voltaic module back to the series circuit comprises:

allowing the first and second photovoltaic modules to stay
connected to the parallel circuit when a magnitude of
current measured after switching to the parallel circuit
is increased by a predetermined value or more com-
pared to a magnitude of current measured before
switching to the parallel circuit; and

connecting the first and second photovoltaic modules
back to the series circuit when a magnitude of current
measured after switching to the parallel circuit is
increased by less than the predetermined value com-
pared to a magnitude of current measured before
switching to the parallel circuit.

11. The method for controlling an intelligent photovoltaic
module controller according to claim 9, wherein the step of
detecting a change in current comprises detecting a change
in current flowing through a string connected to the pair of
external connection terminals of the intelligent photovoltaic
module controller.

12. The method for controlling an intelligent photovoltaic
module controller according to claim 9, further comprising:

controlling, by a control unit of the power converter,
switching operation of the switch circuit such that the
first and second photovoltaic modules are periodically
connected to the parallel circuit at a predetermined time
interval to check a status of power generation.

13. The method for controlling an intelligent photovoltaic
module controller according to claim 9, wherein:

the intelligent photovoltaic module controller further
comprises: a communication unit communicating with
the power converter and having a unique identification
code (ID); and,

when the communication unit receives a circuit control
command, the control unit controls switching operation
of the switch circuit in response to the circuit control
command.

14. The method for controlling an intelligent photovoltaic

module controller according to claim 13, further comprising:

communicating with at least two intelligent photovoltaic

module controllers installed on the power converter and

connected in series via a string connected to respective

pairs of external connection terminals thereof to

remotely control the at least two intelligent photovol-

taic module controllers,

wherein the step of determining whether to connect the

first and second photovoltaic modules back to the series

circuit comprises: allowing the first and second photo-

voltaic modules to stay connected to the parallel circuit

when a magnitude of current measured after switching

to the parallel circuit is increased by a predetermined

value or more compared to a magnitude of current

measured before switching to the parallel circuit; and

connecting the first and second photovoltaic modules
back to the series circuit when a magnitude of current
measured after switching to the parallel circuit is
increased by less than the predetermined value com-
pared to a magnitude of current measured before
switching to the parallel circuit, and,

when the first and second photovoltaic modules are
allowed to stay connected to the parallel circuit, a
corresponding intelligent photovoltaic module control-
ler is identified by the unique identification code (ID) to
provide information about a status of power generation.

15. The method for controlling an intelligent photovoltaic
module controller according to claim 14, wherein the step of
detecting a change in current flowing through the pair of
external connection terminals comprises detecting, by a
sensor unit of the power converter, a change in current
flowing through the string connecting the at least two
intelligent photovoltaic module controllers in series to con-
trol each of the intelligent photovoltaic module controllers
based thereon.

16. The method for controlling an intelligent photovoltaic
module controller according to claim 14, wherein the power
converter informs an administrator at a remote location of an
abnormal situation subject to predetermined conditions or
provides information in response to a query from a remote
location.
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