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A photovoltaic power generation system includes a plurality
of photovoltaic modules, a plurality of optimizers, and an
inverter. Each optimizer is connected to at least one photo-
voltaic module, and output ends of the plurality of optimiz-
ers are connected in series to form a string and then
connected to the inverter. The optimizer includes a conver-
sion unit, and a control unit configured to control the
conversion unit. The optimizer further includes an auxiliary
power source, an energy storage unit, and a first unidirec-
tional conduction unit that are connected between the con-
version unit and the control unit. The control unit is con-
figured to perform IV curve scanning for each voltage
segment, where the voltage segments are obtained by seg-
menting a range of an output voltage of a photovoltaic
module corresponding to the optimizer from an open-circuit
voltage to a preset minimum voltage, and at least two
voltage segments are obtained through division.
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OPTIMIZER, PHOTOVOLTAIC POWER
GENERATION SYSTEM, AND IV CURVE
SCANNING METHOD FOR PHOTOVOLTAIC
MODULE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of International Appli-
cation No. PCT/CN2020/094176, filed on Jun. 3, 2020,
which claims priority to Chinese Patent Application No.
201910901754.7, filed on Sep. 23, 2019. The disclosures of
the aforementioned applications are hereby incorporated by
reference in their entireties.

BACKGROUND

An optimizer is a power conversion apparatus installed
between a photovoltaic module and an inverter. The opti-
mizer eliminates a series/parallel connection mismatch of
the photovoltaic module and reduce a probability that the
photovoltaic module is bypassed. The optimizer has an
MPPT (Maximum Power Point Tracking, maximum power
point tracking) function and an IV curve scanning function
of a single photovoltaic module.

A photovoltaic power generation system performs online
IV curve scanning on the photovoltaic module by using the
optimizer, to detect the photovoltaic module to determine
whether the photovoltaic module has a defect or damage.
When performing the IV curve scanning, the optimizer
needs to control an output voltage of the photovoltaic
module to change from an open-circuit voltage to a rela-
tively low voltage or even to 0 V, and obtain an output
current value corresponding to each voltage, to obtain an
entire IV curve. However, because an auxiliary power
source of the optimizer generally is powered by the output
voltage of the photovoltaic module, when the output voltage
of the photovoltaic module is relatively low, the auxiliary
power source of the optimizer is undervoltage, and the
optimizer stops working. As a result, an entire IV curve
scanning task cannot be completed.

In the prior art, generally, an energy storage circuit is
connected in parallel to an input end of the auxiliary power
source, and a unidirectional conduction circuit is connected
in series to the input end before the energy storage circuit,
so that when the output voltage of the photovoltaic module
is relatively low, the energy storage circuit continues to
supply power to the auxiliary power source, to ensure that
the optimizer completes the IV curve scanning task. How-
ever, because an [V curve scanning process needs to take a
particular time to enable the output voltage of the photo-
voltaic module to change step by step according to a
specified regularity, an energy storage circuit having a
relatively high capacity is needed, to ensure that the opti-
mizer completes the IV curve scanning task. However, the
energy storage circuit having a relatively high capacity does
not facilitate an optimization design of a volume and costs
of the optimizer.

SUMMARY

Embodiments of this application disclose an optimizer, a
photovoltaic power generation system, and an IV curve
scanning method for a photovoltaic module, to reduce a
capacity of an energy storage circuit and reduce a power
fluctuation of a photovoltaic string.
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According to a first aspect, an embodiment of this appli-
cation discloses an optimizer, including a conversion unit, a
control unit, an auxiliary power source, an energy storage
unit, and a first unidirectional conduction unit. The auxiliary
power source, the energy storage unit, and the first unidi-
rectional conduction unit are connected between the con-
version unit and the control unit. An input end of the
conversion unit is connected to at least one photovoltaic
module, and the conversion unit is configured to perform
power conversion on the connected photovoltaic module.
The control unit is electrically connected to the conversion
unit, and is configured to control the conversion unit. The
auxiliary power source is configured to provide a working
voltage for the control unit. The energy storage unit is
configured to provide electric energy for the auxiliary power
source or the control unit. The first unidirectional conduction
unit is configured to prevent the electric energy of the energy
storage unit from falling with a decrease of a voltage of the
photovoltaic module. The control unit is further configured
to perform IV curve scanning for voltage segments when
determining that the optimizer needs to perform an IV curve
scanning task, where the voltage segments are obtained by
segmenting a range of an output voltage of the photovoltaic
module corresponding to the optimizer from an open-circuit
voltage to a preset minimum voltage, and at least two
voltage segments are obtained through division.

The conversion unit is a converter, for example, a DC/DC
converter. The control unit is an MCU (for example, a
single-chip microcomputer). The auxiliary power source is a
conversion circuit with complete functions, for example, a
conversion circuit that converts an input voltage into 12 V
or 5 V. The energy storage unit is an energy storage circuit
including a capacitor, a supercapacitor, or a battery. The first
unidirectional conduction unit is a unidirectional conduction
circuit including at least one diode.

In the optimizer in this embodiment of this application,
when determining that the optimizer needs to perform the IV
curve scanning task, the control unit performs IV curve
scanning for each voltage segment. The voltage segments
are obtained by segmenting the range of the output voltage
of the photovoltaic module corresponding to the optimizer
from the open-circuit voltage to the preset minimum volt-
age, and at least two voltage segments are obtained through
division. The optimizer is restarted when IV curve scanning
is performed for a voltage segment with a relatively low
voltage, so that the energy storage unit is recharged in this
time period. In addition, the output voltage of the photovol-
taic module is adjusted to the current voltage segment.
Therefore, an entire IV curve scanning task is completed by
using an energy storage unit having a relatively low capac-
ity, thereby reducing costs and a volume of the optimizer.

In an implementation, when receiving an IV curve scan-
ning instruction sent by a host computer, the control unit
determines that the optimizer needs to perform the IV curve
scanning task, that is, the IV curve scanning task is per-
formed when there is a determination that there is a user
demand. In this way, the user demand is better satisfied.

In an implementation, when performing IV curve scan-
ning for each voltage segment, the control unit adjusts the
output voltage of the photovoltaic module to a voltage of one
of two endpoints of the voltage segment by using the
conversion unit. There is an intersection between two adja-
cent voltage segments. In this way, entire and continuous IV
curve scanning for the range from the open-circuit voltage to
the preset minimum voltage is implemented.

In an implementation, two endpoints of a voltage segment
are respectively the open-circuit voltage and a threshold
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voltage of the photovoltaic module, and the voltage segment
is a first voltage segment. The threshold voltage of the
photovoltaic module is less than a minimum voltage needed
by the auxiliary power source for working, and a range from
the threshold voltage of the photovoltaic module to the
preset minimum voltage is divided into at least two voltage
segments. In this way, the entire IV curve scanning is
implemented by using an energy storage unit having a
relatively low capacity, to help to reduce a volume and costs
of the optimizer.

The minimum voltage needed by the auxiliary power
source for working is a minimum output voltage that is
output by the photovoltaic module and that ensures normal
working of the auxiliary power source. The minimum output
voltage of the photovoltaic module is directly provided for
the auxiliary power source for normal working, or is con-
verted (for example, increased or decreased) before being
provided for the auxiliary power source for normal working.
That the threshold voltage of the photovoltaic module is less
than the minimum voltage needed by the auxiliary power
source for working means that a voltage difference between
the threshold voltage of the photovoltaic module and the
minimum voltage needed by the auxiliary power source for
working falls within a preset range, and the preset range
depends on energy that is provided by the energy storage
unit. To be specific, the preset range is a voltage decrease
range of the photovoltaic module in a scenario in which the
energy storage unit continues to supply power when an
output of the photovoltaic module is less than the minimum
output voltage that ensures normal working of the auxiliary
power source.

In an implementation, the first voltage segment is divided
into at least two voltage segments. In this way, when a
plurality of optimizers perform IV curve scanning at the
same time, a fluctuation of a total output power is relatively
small.

In an implementation, to ensure that the optimizer com-
pletes the IV curve scanning task when the output voltage of
the photovoltaic module is less than a minimum voltage
needed by the auxiliary power source for working, the
auxiliary power source is electrically connected to the
control unit; the energy storage unit is connected in parallel
to an input end of the auxiliary power source; and the first
unidirectional conduction unit is connected in series
between the input end of the conversion unit and the energy
storage unit, or the first unidirectional conduction unit is
connected in series between an output end of the conversion
unit and the energy storage unit. The first unidirectional
conduction unit includes at least one diode. The energy
storage unit includes at least one capacitor, at least one
supercapacitor, or at least one battery.

In an implementation, the first unidirectional conduction
unit is connected in series between the input end of the
conversion unit and the energy storage unit, the optimizer
further includes a second unidirectional conduction unit, and
the second unidirectional conduction unit is connected in
series between the output end of the conversion unit and the
energy storage unit, to improve an energy storage capability
of the energy storage unit under different working statuses.

The second unidirectional conduction unit includes at
least one diode.

In an implementation, an input end of the auxiliary power
source is electrically connected to the input end of the
conversion unit, or an input end of the auxiliary power
source is electrically connected to an output end of the
conversion unit; the first unidirectional conduction unit is
connected in series between an output end of the auxiliary
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power source and the energy storage unit; and the energy
storage unit is electrically connected to the control unit. In
this way, when the optimizer performs the IV curve scanning
task, the energy storage unit supplies power to the control
unit, to improve capacity utilization of the energy storage
unit. In addition, the auxiliary power source further shuts
down a partial circuit that is not related to an IV curve
scanning function, to reduce electric energy consumption
and increase a power supply time of a circuit that is related
to the IV curve.

According to a second aspect, an embodiment of this
application discloses a photovoltaic power generation sys-
tem, including a plurality of photovoltaic modules and an
inverter. The photovoltaic power generation system further
includes a plurality of optimizers described in the first
aspect. An input end of each optimizer is connected to at
least one photovoltaic module, and output ends of the
plurality of optimizers are connected in series to form a
string and then connected to the inverter.

In an implementation, when a plurality of optimizers in a
same string perform IV curve scanning at the same time, a
voltage segment for which at least one optimizer currently
performs scanning is different from a voltage segment for
which another optimizer currently performs scanning.

According to a third aspect, an embodiment of this
application discloses an IV curve scanning method for a
photovoltaic module, applied to a photovoltaic power gen-
eration system, where the photovoltaic power generation
system includes a plurality of photovoltaic modules, and the
IV curve scanning method for the photovoltaic module
includes:

dividing a range of an output voltage of a photovoltaic
module corresponding to the optimizer from an open-circuit
voltage to a preset minimum voltage into at least two voltage
segments; and

when the optimizer needs to perform an IV curve scan-
ning task, performing IV curve scanning for each voltage
segment obtained through division.

In an implementation, the performing IV curve scanning
for each voltage segment obtained through division specifi-
cally includes: when performing IV curve scanning for each
voltage segment, adjusting the output voltage of the photo-
voltaic module to a voltage of one of two endpoints of the
voltage segment.

In an implementation, there is an intersection between
two adjacent voltage segments.

In an implementation, two endpoints of a voltage segment
are respectively the open-circuit voltage and a threshold
voltage of the photovoltaic module, and the voltage segment
is a first voltage segment. The threshold voltage of the
photovoltaic module is less than a minimum voltage needed
by an auxiliary power source for working, and a range from
the threshold voltage of the photovoltaic module to the
preset minimum voltage is divided into at least two voltage
segments.

In an implementation, the first voltage segment is divided
into at least two voltage segments.

In an implementation, when a plurality of optimizers in a
same string perform IV curve scanning at the same time, a
voltage segment for which at least one optimizer currently
performs scanning is different from a voltage segment for
which another optimizer currently performs scanning.

According to a fourth aspect, an embodiment of this
application discloses a computer readable storage medium,
where the readable storage medium stores a program
instruction for IV curve scanning, and the program instruc-
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tion is used to perform the IV curve scanning method for a
photovoltaic module according to the third aspect after being
invoked.

BRIEF DESCRIPTION OF DRAWINGS

To describe the technical solutions in the embodiments of
this application or in the background, the following briefly
describes the accompanying drawings for describing the
embodiments of this application or the background.

FIG. 1 is a schematic structural diagram of a photovoltaic
power generation system according to an embodiment of
this application;

FIG. 2 is a principle block diagram of an optimizer
according to an embodiment of this application;

FIG. 3 is a schematic diagram of voltage segments of a
photovoltaic module according to an embodiment of this
application;

FIG. 4 is a schematic diagram of voltage segments of a
photovoltaic module according to another embodiment of
this application;

FIG. 5 is a principle block diagram of an optimizer
according to another embodiment of this application;

FIG. 6 is a principle block diagram of an optimizer
according to still another embodiment of this application;

FIG. 7 is a principle block diagram of an optimizer
according to yet another embodiment of this application;

FIG. 8 is a principle block diagram of an optimizer
according to yet another embodiment of this application; and

FIG. 9 is a flowchart of an IV curve scanning method for
a photovoltaic module according to an embodiment of this
application.

DESCRIPTION OF EMBODIMENTS

This application provides a photovoltaic power genera-
tion system, an optimizer applied to the photovoltaic power
generation system, and an IV curve scanning method for a
photovoltaic module. The optimizer performs IV curve
scanning on the photovoltaic module, to detect whether the
photovoltaic module has a defect or damage. The following
describes the embodiments of this application with reference
to accompanying drawings.

FIG. 1 is a principle block diagram of a photovoltaic
power generation system 1000 according to an embodiment
of this application. As shown in FIG. 1, the photovoltaic
power generation system 1000 includes a plurality of opti-
mizers 100, a plurality of photovoltaic modules 300, and an
inverter 500. The photovoltaic module 300 is configured to
convert solar energy into electric energy. An input end of
each optimizer 100 is connected to at least one photovoltaic
module 300, and output ends of the plurality of optimizers
100 are connected in series to form a string and then
connected to the inverter 500. In some embodiments, the
photovoltaic power generation system 1000 includes a plu-
rality of strings.

The optimizer 100 is configured to optimize an output
power of the photovoltaic module 300 connected to the
optimizer 100, to ensure that an output power of the pho-
tovoltaic power generation system 1000 is maximized. The
optimizer 100 is further configured to perform IV curve
scanning on the photovoltaic module 300 connected to the
optimizer 100, to detect whether the photovoltaic module
300 connected to the optimizer 100 has a defect or damage.
I refers to current, and V refers to voltage. In addition, an IV
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6

curve further indicates information such as a current power
generation capability and working status of the photovoltaic
module 300.

The inverter 500 is configured to convert a direct current
output by the photovoltaic module 300 into an alternating
current, and then output the alternating current to a power
grid 2000. In another implementation, a combiner box (not
shown in the figure) is further added between the optimizers
100 and the inverter 500, and an alternating current side of
the inverter 500 is connected to a step-up transformer (not
shown in the figure) and then connected to the power grid
2000. This is determined according to a specific application
environment, and is not specifically limited herein.

In a specific implementation, the photovoltaic power
generation system 1000 further includes a communications
host (not shown in the figure), configured to communicate
with the optimizer 100, to obtain an electric parameter of the
optimizer 100 through communication. The communica-
tions host is an independent device, or is integrated into
another device in the photovoltaic power generation system
1000, for example, integrated into the inverter 500, the
combiner box, a grid-tied box, or one of the optimizers. The
communications host communicates with the optimizer
through wireless communication (such as Wi-Fi, Lora, or
ZigBee) or PLC communication.

Referring to FIG. 2, each optimizer 100 includes a con-
version unit 10, a control unit 20, an auxiliary power source
30, an energy storage unit 40, and a first unidirectional
conduction unit 50. An input end of the conversion unit 10
is connected to at least one photovoltaic module 300, and is
used as an input end of the optimizer 100. An output end of
the conversion unit is used as an output end of the optimizer
100, and output ends of the plurality of optimizers 100 are
connected in series to form a string.

In a specific embodiment, the conversion unit 10 is a
DC/DC conversion unit, and works in a power conversion
mode, to perform power conversion on direct current electric
energy of the photovoltaic module 300 at the input end, and
then output converted direct current electric energy to the
output end, or works in a pass-through mode, to directly
connect the input end and the output end. In a specific actual
application, circuit setting is performed on the DC/DC
conversion unit according to a specific application environ-
ment, for example, a buck circuit, a boost circuit, a buck-
boost circuit, or the like is set.

When working in the power conversion mode, the con-
version unit 10 is mainly configured to perform maximum
power point tracking (Maximum Power Point Tracking,
MPPT) on the electric energy of the photovoltaic module
300 at the input end. In addition, the conversion unit 10
further works in a soft-start mode, a power-limiting mode, or
the like. The slow-start, also referred to as soft-start, is used
in a startup phase of the conversion unit 10, and the
conversion unit 10 smoothly runs from a standby mode to
the power conversion mode, for example, changes from the
standby mode to a maximum power point current at a speed
of an input current change rate: 0.2 A/s. The power-limiting
mode is used to reduce an output power when a running
status of the conversion unit 10 approaches a threshold value
(for example, an output voltage reaches a threshold value or
an ambient temperature reaches a threshold value), to protect
the conversion unit 10, or reduce an output power after a
power-limiting mode instruction delivered by an external
device is received.

The control unit 20 is electrically connected to the con-
version unit 10, and is configured to control the conversion
unit 10. In addition, the control unit 20 is further configured
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to collect a working status parameter of the conversion unit
10. The working status parameter of the conversion unit 10
includes but is not limited to information such as an input
voltage, an input current, an output voltage, and an output
current of the conversion unit 10.

The auxiliary power source 30, the energy storage unit 40,
and the first unidirectional conduction unit 50 are connected
between the conversion unit 10 and the control unit 20.

In a specific implementation, as shown in FIG. 2, the
auxiliary power source 30 is electrically connected to the
control unit 20, and is configured to provide a working
voltage for the control unit 20. In some embodiments, the
auxiliary power source 30 is further configured to supply
power to another functional circuit in the optimizer 100. In
this implementation, the control unit 20 is a single-chip
microcomputer. The control unit 20 includes a plurality of
signal collection ports, a communications port, a plurality of
control ports, and the like.

The energy storage unit 40 is connected in parallel to an
input end of the auxiliary power source 30, and is configured
to provide electric energy for the auxiliary power source 30.
In a specific implementation, the energy storage unit 40
includes at least one energy storage capacitor, at least one
supercapacitor, or at least one battery.

The first unidirectional conduction unit 50 is connected in
series between the input end of the conversion unit 10 and
the energy storage unit 40, to prevent the electric energy of
the energy storage unit 40 from falling with a decrease of a
voltage of the photovoltaic module 300 when the optimizer
100 performs IV curve scanning on the photovoltaic module
300. In a specific implementation, the first unidirectional
conduction unit 50 includes at least one diode. For example,
an anode of the diode is electrically connected to a positive
electrode of the input end of the conversion unit 10, and a
cathode of the diode is electrically connected to a positive
electrode of the input end of the auxiliary power source 30.
Alternatively, a cathode of the diode is electrically con-
nected to a negative electrode of the input end of the
conversion unit 10, and an anode of the diode is electrically
connected to a negative electrode of the input end of the
auxiliary power source 30. Alternatively, an anode of the
diode is electrically connected to a positive electrode of the
output end of the conversion unit 10, and a cathode of the
diode is electrically connected to a positive electrode of the
input end of the auxiliary power source 30. Alternatively, a
cathode of the diode is electrically connected to a negative
electrode of the output end of the conversion unit 10, and an
anode of the diode is electrically connected to a negative
electrode of the input end of the auxiliary power source 30.

In a specific implementation, the control unit 20 is con-
figured to perform IV curve scanning for each voltage
segment when determining that the optimizer 100 needs to
perform an IV curve scanning task. The voltage segments
are obtained by segmenting a range of an output voltage of
the photovoltaic module 300 corresponding to the optimizer
100 from an open-circuit voltage to a preset minimum
voltage, and at least two voltage segments are obtained
through division. In other words, the range of the output
voltage of the photovoltaic module 300 corresponding to the
optimizer 100 from the open-circuit voltage to the preset
minimum voltage is divided into N voltage segments. N is
a positive integer greater than or equal to 2. The preset
minimum voltage is 0 V, or is a value close to 0 V. This is
not specifically limited herein.

In an implementation, when receiving an IV curve scan-
ning instruction sent by a host computer (for example, the
inverter), the control unit 20 determines that the optimizer
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100 needs to perform the IV curve scanning task. In another
implementation, the control unit 20 performs autonomous
detection, and determine, when detecting that a current
status of the optimizer 100 meets a preset status, that the
optimizer 100 needs to perform the IV curve scanning task.

Specifically, in an implementation, when performing IV
curve scanning for each voltage segment, the control unit 20
adjusts the output voltage of the photovoltaic module 300 to
a voltage of one of two endpoints of the voltage segment by
using the conversion unit 10.

In an implementation, to ensure continuity of IV curve
scanning, there is an intersection between two adjacent
voltage segments. In this way, entire and continuous IV
curve scanning for the range from the open-circuit voltage to
the preset minimum voltage is implemented.

It should be noted that when performing IV curve scan-
ning for each voltage segment, the control unit 20 changes
the output voltage of the photovoltaic module 300 from one
endpoint (start point) of the voltage segment to the other
endpoint (termination point) of the voltage segment by using
the conversion unit 10 according to a preset regularity. A
start voltage of each voltage segment is greater than a
termination voltage, or a start voltage of each voltage
segment is less than a termination voltage, or start voltages
of some voltage segments are greater than termination
voltages, and a start voltage of the other voltage segment is
less than a termination voltage.

In an implementation, the preset regularity is at least one
of'a voltage decrease regularity of a fixed voltage difference,
a voltage decrease regularity of a parabola, or a voltage
decrease regularity of a fixed duty cycle change rate. The
voltage decrease regularity of the parabola specifically
means that a voltage decreases relatively quickly near the
preset minimum voltage of the photovoltaic module, and a
voltage decreases relatively slowly near a maximum power
point voltage and the open-circuit voltage. The voltage
decrease regularity of the fixed duty cycle change rate means
that a control duty cycle of the optimizer 100 changes at a
fixed step from an initial status. For example, the control
duty cycle increases from 0 to 1 at a fixed step of 0.01.

The following describes, in detail with reference to FIG.
3, a process in which the optimizer 100 performs IV curve
scanning for each voltage segment.

As shown in FIG. 3, in an implementation, two endpoints
of a voltage segment are respectively the open-circuit volt-
age and a threshold voltage V1 of the photovoltaic module
300, and the voltage segment is a first voltage segment. The
threshold voltage of the photovoltaic module 300 is less than
a minimum voltage needed by the auxiliary power source 30
for working, and a range from the threshold voltage to the
preset minimum voltage is divided into at least two voltage
segments. In this way, the entire IV curve scanning is
implemented by using an energy storage unit having a
relatively low capacity, to help to reduce a volume and costs
of the optimizer.

It is understood that the working voltage of the auxiliary
power source 30 is directly provided by the photovoltaic
module 300, or is provided by the conversion unit 10 after
the conversion unit 10 increases or decreases the output
voltage of the photovoltaic module 300. Therefore, the
minimum voltage needed by the auxiliary power source 30
for working is a minimum output voltage that is output by
the photovoltaic module 300 and that ensures normal work-
ing of the auxiliary power source 30, and the minimum
output voltage of the photovoltaic module 300 is directly
provided for the auxiliary power source 30 (as shown in
FIG. 2) for working of the auxiliary power source 30, or is
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converted (as shown in FIG. 5) and then provided for the
auxiliary power source 30 for normal working of the aux-
iliary power source 30. That the threshold voltage of the
photovoltaic module 300 is less than the minimum voltage
needed by the auxiliary power source 30 for working means
that a voltage difference between the threshold voltage of the
photovoltaic module 300 and the minimum voltage needed
by the auxiliary power source 30 for working falls within a
preset range, and the preset range depends on energy that is
provided by the energy storage unit 40. To be specific, the
preset range is a voltage decrease range of the photovoltaic
module 300 in a scenario in which the energy storage unit 40
continues to supply power when an output of the photovol-
taic module 300 is less than the minimum output voltage that
ensures normal working of the auxiliary power source 30.

When IV curve scanning is performed for a first segment
of voltage, most of the time, the output voltage of the
photovoltaic module 300 is greater than the minimum volt-
age needed by the auxiliary power source 30 for working.
When the output voltage of the photovoltaic module 300 is
less than the minimum voltage needed by the auxiliary
power source 30 for working, the first unidirectional con-
duction unit 50 is forward cut off, and the energy storage unit
40 provides electric energy for the auxiliary power source
30. When the energy storage unit 40 has a relatively low
capacity, the auxiliary power source 30 is undervoltage after
a relatively short time, and the optimizer 100 stops working,
and completes IV curve scanning for a voltage segment
greater than or equal to the threshold voltage V1. The
threshold voltage V1 is less than the minimum voltage
needed by the auxiliary power source 30 for working. Then,
the optimizer 100 is restarted, and controls the output
voltage of the photovoltaic module 300 to rapidly decrease
to the voltage V1 of one of two endpoints of a second
segment, to perform IV curve scanning for the second
voltage segment. In this case, the first unidirectional con-
duction unit 50 is forward cut off, the energy storage unit 40
provides electric energy for the auxiliary power source 30,
and the optimizer 100 completes IV curve scanning for the
second segment from the threshold voltage V1 to a value V2.
V2 is less than V1. By analog, the process ends until IV
curve scanning is completed for an N* segment greater than
or equal to the preset minimum voltage. Therefore, the
optimizer 100 completes an entire IV curve scanning task.

It is understood that when the optimizer 100 performs the
IV curve scanning task on the connected photovoltaic mod-
ule 300 and controls the output voltage of the photovoltaic
module 300 to decrease, if the optimizer 100 does not
include the first unidirectional conduction unit 50 and the
energy storage unit 40, an input voltage of the auxiliary
power source 30 decreases with a decrease of the output
voltage of the photovoltaic module 300, and the auxiliary
power source 30 stops working when the output voltage of
the photovoltaic module 300 is less than the minimum
voltage needed by the auxiliary power source 30 for work-
ing. As a result, the optimizer 100 cannot complete an IV
curve scanning task for a voltage segment of a voltage of the
output voltage of the photovoltaic module 300 less than the
minimum voltage needed by the auxiliary power source 30
for working.

In this embodiment of this application, because the opti-
mizer 100 includes the first unidirectional conduction unit
50 and the energy storage unit 40, when the optimizer 100
controls the output voltage of the photovoltaic module 300
to decrease to be less than the minimum voltage needed by
the auxiliary power source 30 for working, the first unidi-
rectional conduction unit 50 is forward cut off, to prevent
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electric energy of the energy storage unit 40 from falling
with a decrease of the output voltage of the photovoltaic
module 300. In addition, because the range of the output
voltage of the photovoltaic module 300 from the threshold
voltage to the preset minimum voltage is divided into at least
two voltage segments, and the control unit 20 performs IV
curve scanning for each voltage segment by using the energy
storage unit 40 having a relatively small capacity, that the
optimizer 100 completes an entire IV curve scanning task.

In the optimizer 100 in this embodiment of this applica-
tion, when determining that the optimizer 100 needs to
perform the IV curve scanning task, the control unit 20
performs IV curve scanning for each voltage segment. The
voltage segments are obtained by segmenting the range of
the output voltage of the photovoltaic module 300 corre-
sponding to the optimizer 100 from the open-circuit voltage
to the preset minimum voltage, and at least two voltage
segments are obtained through division. The optimizer is
restarted when IV curve scanning is performed for a voltage
segment with a relatively low voltage, so that the energy
storage unit 40 is recharged in this time period. In addition,
the output voltage of the photovoltaic module 300 is
adjusted to the current voltage segment. Therefore, the entire
IV curve scanning task is completed by using the energy
storage unit 40 having a relatively low capacity, thereby
reducing costs and a volume of the optimizer 100.

In an implementation, the first voltage segment is further
divided into at least two voltage segments. Specifically, as
shown in FIG. 4, the “first segment™ in FIG. 3 is divided into
a 1'” segment, a 2" segment, . . . , and an M'” segment,
where M' is an integer greater than or equal to 2. When
performing the IV curve scanning task, the optimizer 100
performs IV curve scanning for the 1'” segment, the 2'*
segment, . . ., the N segment.

In this implementation, when a plurality of optimizers 100
in a same string perform IV curve scanning at the same time,
a voltage segment for which at least one optimizer 100
currently performs scanning is different from a voltage
segment for which the other optimizer 100 currently per-
forms scanning. In this way, a fluctuation of a final total
output power of the string is relatively small.

Generally, each optimizer 100 is connected to a same
quantity of photovoltaic modules 300 with same or similar
characteristics, and a plurality of optimizers 100 are con-
nected in series to form a string. If optimizers 100 in a same
string perform IV curve scanning at the same time, and the
optimizers 100 use a same single-segment [V curve scan-
ning method to control the output voltage of the photovoltaic
module 300, a total output power curve of the string is
approximately a multiple of a power curve in FIG. 4, a total
output power fluctuates greatly, and this affects normal
working of a next circuit.

In this embodiment of this application, each optimizer
100 separately segments an output voltage of a correspond-
ing photovoltaic module 300, and the segments are the same
or different. The segments are different when the optimizers
100 are connected to different quantities of photovoltaic
modules 300 or connected to photovoltaic modules 300 with
different characteristics. When optimizers 100 in a same
string perform IV curve scanning at the same time, at a
moment, an optimizer 100 performs IV curve scanning for
a first segment, another optimizer 100 performs IV curve
scanning for a second segment, still another optimizer 100
performs IV curve scanning for a third segment, and so on.
The first segment, the second segment, the third segment, .

., and the N segment is the same or different. In this
embodiment of this application, that two voltage segments
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are a same voltage segment is as follows: voltages of
endpoints of the two voltage segments are the same. If
voltage segments for which the optimizers 100 perform IV
curve scanning are relatively evenly distributed in the entire
range from the open-circuit voltage to the preset minimum
voltage at this moment, for example, the first segment is 25
V to 33 V, the second segment is 20 V to 29 V, the third
segment is 15 V to 25 V, and so on, output powers of the
optimizers 100 are also relatively evenly distributed in an
entire range from a maximum power point to a zero power
point. At a subsequent moment, because segments for which
the optimizers 100 perform IV curve scanning are still
evenly distributed, output powers of the optimizers 100 are
also evenly distributed, so that a fluctuation of a final total
output power of the string is relatively small.

It should be noted that in this embodiment of this appli-
cation, the output voltage of the photovoltaic module 300 is
relatively flexibly segmented. A voltage range greater than
the threshold voltage V1 is divided into several segments
rather than one segment. A reason is as follows: This voltage
range is relatively large and a corresponding power range is
also relatively large, more voltage segments correspond to
more power segments, and this facilitates segment selection,
to reduce a fluctuation of a total output power. To be specific,
when optimizers 100 in a same string perform IV curve
scanning at the same time, at an initial moment, segments of
the optimizers 100 are selected based on an even distribu-
tion, so that a fluctuation of a total output power of the string
decreases more obviously.

Referring to FIG. 5, in an implementation, different from
the optimizer 100 in FIG. 2, the first unidirectional conduc-
tion unit 50 is connected in series between the output end of
the conversion unit 10 and the energy storage unit 40. In this
implementation, the working voltage of the auxiliary power
source 30 is provided by the conversion unit 10 after the
conversion unit 10 converts the output voltage of the pho-
tovoltaic module 300. The first unidirectional conduction
unit 50 includes at least one diode.

Referring to FIG. 6, in an implementation, different from
the optimizer 100 in FIG. 2, each optimizer 100 further
includes a second unidirectional conduction unit 60, and the
second unidirectional conduction unit 60 is connected in
series between the output end of the conversion unit 10 and
the energy storage unit 40. In this way, an energy storage
capability of the energy storage unit 40 under different
working statuses is improved.

Specifically, the second unidirectional conduction unit 60
includes at least one diode.

Referring to FIG. 7 and FIG. 8, in an implementation, the
input end of the auxiliary power source 30 is electrically
connected to the input end of the conversion unit 10, or the
input end of the auxiliary power source 30 is electrically
connected to the output end of the conversion unit 10. The
first unidirectional conduction unit 50 is connected in series
between an output end of the auxiliary power source 30 and
the energy storage unit 40, and the energy storage unit 40 is
electrically connected to the control unit 20. In this imple-
mentation, when the optimizer 100 performs the IV curve
scanning task, the energy storage unit 40 supplies power to
the control unit 20, to improve capacity utilization of the
energy storage unit 40. In addition, the auxiliary power
source 30 further shuts down a partial circuit that is not
related to an IV curve scanning function, to reduce electric
energy consumption and increase a power supply time of a
circuit that is related to the IV curve.

Referring to FIG. 9, this application further provides an
IV curve scanning method for a photovoltaic module. The
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IV curve scanning method for a photovoltaic module is
applied to the photovoltaic power generation system 1000 in
FIG. 1. The IV curve scanning method for a photovoltaic
module includes the following steps.

Step S101. Divide a range of an output voltage of a
photovoltaic module corresponding to the optimizer from an
open-circuit voltage to a preset minimum voltage into at
least two voltage segments.

In an implementation, the optimizer 100 divides the range
of the output voltage of the corresponding photovoltaic
module from the open-circuit voltage to the preset minimum
voltage into at least two voltage segments. In another
implementation, a host computer (for example, the inverter
500) divides the range of the output voltage of the photo-
voltaic module 300 corresponding to the optimizer 100 from
the open-circuit voltage to the preset minimum voltage into
at least two voltage segments. This is not specifically limited
herein.

Step S102. When a determination is made that the opti-
mizer needs to perform an IV curve scanning task, perform
IV curve scanning for each voltage segment obtained
through division.

In an implementation, when receiving an IV curve scan-
ning instruction sent by the host computer (for example, the
inverter), the control unit 20 determines that the optimizer
100 needs to perform the IV curve scanning task. In another
implementation, the control unit 20 performs autonomous
detection, and determine, when detecting that a current
status of the optimizer 100 meets a preset status, that the
optimizer 100 needs to perform the IV curve scanning task.

Specifically, in an implementation, the performing IV
curve scanning for each voltage segment obtained through
division specifically includes: when performing IV curve
scanning for each voltage segment, adjusting the output
voltage of the photovoltaic module 300 to a voltage of one
of two endpoints of the voltage segment.

In an implementation, to ensure continuity of IV curve
scanning, there is an intersection between two adjacent
voltage segments.

It should be noted that when performing IV curve scan-
ning for each voltage segment, the control unit 20 changes
the output voltage of the photovoltaic module 300 from one
endpoint (start point) of the voltage segment to the other
endpoint (termination point) of the voltage segment by using
the conversion unit 10 according to a preset regularity. A
start voltage of each voltage segment is greater than a
termination voltage, or a start voltage of each voltage
segment is less than a termination voltage, or start voltages
of some voltage segments are greater than termination
voltages, and a start voltage of the other voltage segment is
less than a termination voltage.

In a specific implementation, the preset regularity is at
least one of a voltage decrease regularity of a fixed voltage
difference, a voltage decrease regularity of a parabola, or a
voltage decrease regularity of a fixed duty cycle change rate.

In an implementation, two endpoints of a voltage segment
are respectively the open-circuit voltage and a threshold
voltage V1 of the photovoltaic module 300, and the voltage
segment is a first voltage segment. The threshold voltage of
the photovoltaic module 300 is less than a minimum voltage
needed by the auxiliary power source 30 for working, and a
range from the threshold voltage of the photovoltaic module
300 to the preset minimum voltage is divided into at least
two voltage segments. In some embodiments, the threshold
voltage of the photovoltaic module 300 is less than the
minimum voltage needed by the auxiliary power source 30
for working means that a voltage difference between the
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threshold voltage of the photovoltaic module 300 and the
minimum voltage needed by the auxiliary power source 30
for working falls within a preset range, and the preset range
depends on energy that is provided by the energy storage
unit 40. To be specific, the preset range is a voltage decrease
range of the photovoltaic module 300 in a scenario in which
the energy storage unit 40 continues to supply power when
an output of the photovoltaic module 300 is less than the
minimum voltage that ensures normal working of the aux-
iliary power source 30.

In some implementations, the first voltage segment is
further divided into at least two voltage segments. When a
plurality of optimizers 100 in a same string perform IV curve
scanning at the same time, a voltage segment for which at
least one optimizer 100 currently performs scanning is
different from a voltage segment for which the other opti-
mizer 100 currently performs scanning.

The embodiments in this specification are described in a
progressive manner, for same or similar parts in the embodi-
ments, reference is made to these embodiments, and each
embodiment focuses on a difference from other embodi-
ments. The method disclosed in the embodiments is
described relatively simply because the method corresponds
to the apparatus disclosed in the embodiments, and for a
related part, refer to the description of the apparatus.

It should be noted that, for brief description, the foregoing
method embodiments are represented as a series of actions.
However, a person skilled in the art should appreciate that
this application is not limited to the described order of the
actions, because according to this application, some steps is
performed in other orders or simultaneously.

A sequence of the steps of the method in the embodiments
of this application may be adjusted, combined, or removed.

The IV curve scanning method for a photovoltaic module
provided in this application is implemented in hardware and
firmware, or is used as software or computer code that is
stored in a computer readable storage medium such as a
read-only memory (Read-Only Memory, ROM), a random
access memory (Random Access Memory, RAM for short),
a floppy disk, a hard disk, or a magneto-optical disk, or is
used as computer code that is originally stored in a remote
recording medium or a non-transitory machine-readable
medium and that is downloaded over a network and stored
in a local recording medium. Therefore, the method
described herein is presented by using software stored in a
recording medium, in a general-purpose computer, a special
processor, or programmable or dedicated hardware such as
an application-specific integrated circuit (ASIC) or a field
programmable gate array (FPGA). As can be understood in
the art, a computer, a processor, a microprocessor, a con-
troller, or programmable hardware includes a memory com-
ponent such as a RAM, a ROM, or a flash memory. When
a computer, a processor, or hardware accesses and executes
software or computer code to implement the processing
method described herein, the memory component stores or
receive the software or the computer code. Further, when the
general-purpose computer accesses code for implementing
the processing shown herein, execution of the code converts
the general-purpose computer to a special-purpose computer
used to perform the processing shown herein.

The computer readable storage medium is a solid-state
memory, a memory card, an optical disc, or the like. The
computer readable storage medium stores a program instruc-
tion, and the program instruction is invoked by the optimizer
in this application to perform the foregoing IV curve scan-
ning method for a photovoltaic module.

10

15

20

25

30

35

40

45

50

55

60

65

14

The foregoing descriptions are merely specific implemen-
tations of the present invention, but are not intended to limit
the protection scope of the present invention. Any variation
or replacement readily figured out by a person skilled in the
art within the technical scope disclosed in the present
invention shall fall within the protection scope of the present
invention. Therefore, the protection scope of the present
invention shall be subject to the protection scope of the
claims.

What is claimed is:

1. An optimizer, comprising:

a conversion unit;

a photovoltaic module, wherein an input end of the
conversion unit is configured to be connected to one or
more photovoltaic modules and perform power con-
version on a connected photovoltaic module;

a control unit, configured to control the conversion unit;
and

an auxiliary power source, wherein the auxiliary power
source is configured to provide a working voltage for
the control unit;

an energy storage unit, wherein the energy storage unit is
configured to provide electric energy for the auxiliary
power source or the control unit; and

a first unidirectional conduction unit, wherein the first
unidirectional conduction unit, the energy storage unit,
and the auxiliary power source are electrically con-
nected between the conversion unit and the control unit
and the first unidirectional conduction unit is config-
ured to prevent the electric energy of the energy storage
unit from falling with a decrease of a voltage of the
photovoltaic module,

wherein the control unit is further configured to perform
current-voltage IV curve scans for voltage segments,
wherein the voltage segments are in a range of an
output voltage of the photovoltaic module from an
open-circuit voltage to a preset minimum voltage, and
there are at least two voltage segments, wherein

a first width of a first voltage segment of the voltage
segments along a voltage axis of the IV curve is
different from a second width of a second voltage
segment of the voltage segments along the voltage axis
of the IV curve.

2. The optimizer according to claim 1, wherein in
response to the current-voltage IV curve scans for each
voltage segment, the control unit is configured to adjust the
output voltage of the photovoltaic module to a voltage of one
of two endpoints of a voltage segment.

3. The optimizer according to claim 1, wherein there is an
intersection between two adjacent voltage segments.

4. The optimizer according to claim 1, wherein two
endpoints of a first voltage segment of the voltage segments
are respectively the open-circuit voltage and a threshold
voltage of the photovoltaic module, wherein the threshold
voltage of the photovoltaic module is less than a minimum
voltage needed by the auxiliary power source for working,
and a range from the threshold voltage of the photovoltaic
module to the preset minimum voltage is divided into at least
two voltage segments.

5. The optimizer according to claim 4, wherein the first
voltage segment is divided into at least two voltage seg-
ments.

6. The optimizer according to claim 1, wherein the
auxiliary power source is electrically connected to the
control unit, and the energy storage unit is connected in
parallel to an input end of the auxiliary power source; and
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the first unidirectional conduction unit is connected in
series between the input end of the conversion unit and
the energy storage unit, or the first unidirectional con-
duction unit is connected in series between an output
end of the conversion unit and the energy storage unit.

7. The optimizer according to claim 6, wherein the
optimizer further comprises:

a second unidirectional conduction unit, wherein the first
unidirectional conduction unit is connected in series
between the input end of the conversion unit and the
energy storage unit, and the second unidirectional con-
duction unit is connected in series between the output
end of the conversion unit and the energy storage unit.

8. The optimizer according to claim 6, wherein the first
unidirectional conduction unit comprises:

at least one diode.

9. The optimizer according to claim 6, wherein the energy
storage unit comprises:

at least one capacitor, or at least one supercapacitor, or at
least one battery.

10. The optimizer according to claim 1, wherein an input
end of the auxiliary power source is electrically connected to
the input end of the conversion unit, or the input end of the
auxiliary power source is electrically connected to an output
end of the conversion unit; the first unidirectional conduc-
tion unit is connected in series between an output end of the
auxiliary power source and the energy storage unit; and

the energy storage unit is electrically connected to the
control unit.

11. A photovoltaic power generation system, comprising:

a plurality of photovoltaic modules;

an inverter;

a plurality of optimizers, one or more optimizers com-
prising:

a conversion unit, wherein an input end of the conver-
sion unit is configured to be connected to at least one
photovoltaic module, and perform power conversion
on a connected photovoltaic module;

a control unit, configured to control the conversion
unit; and

an auxiliary power source, wherein the auxiliary power
source is configured to provide a working voltage for
the control unit;

an energy storage unit, the energy storage unit is
configured to provide electric energy for the auxil-
iary power source or the control unit; and

a first unidirectional conduction unit, wherein the first
unidirectional conduction unit, the auxiliary power
source and the energy storage unit are electrically
connected between the conversion unit and the con-
trol unit and the first unidirectional conduction unit
is configured to prevent the electric energy of the
energy storage unit from falling in response to a
decrease of a voltage of the plurality of photovoltaic
modules;

wherein the control unit is further configured to per-
form current-voltage IV curve scans for voltage
segments, wherein the voltage segments are obtained
by segmenting a range of an output voltage of the
plurality of photovoltaic modules corresponding to
the plurality of optimizers from an open-circuit volt-
age to a preset minimum voltage, and at least two
voltage segments are obtained through division;

an input end of each optimizer is connected to at least one
photovoltaic module; and
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output ends of the plurality of optimizers are connected in
series to form a string and then connected to the
inverter, wherein
a first width of a first voltage segment of the voltage
segments along a voltage axis of the IV curve is
different from a second width of a second voltage
segment of the voltage segments along the voltage axis
of the IV curve.
12. The photovoltaic power generation system according
to claim 11, wherein responsive to the plurality of optimizers
in a same string performing current-voltage IV curve scans
at the same time, a voltage segment for which at least one
optimizer currently performs scanning is different from a
voltage segment for which another optimizer currently per-
forms scanning.
13. An IV curve scanning method for a photovoltaic
module, applied to a photovoltaic power generation system,
wherein the photovoltaic power generation system com-
prises:
a plurality of photovoltaic modules, and the IV curve
scanning method for the photovoltaic module com-
prises:
dividing a range of an output voltage of the photovol-
taic module corresponding to an optimizer from an
open-circuit voltage to a preset minimum voltage
into at least two voltage segments, wherein a first
width of a first voltage segment of the voltage
segments along a voltage axis of the IV curve is
different from a second width of a second voltage
segment of the voltage segments along the voltage
axis of the IV curve; and

performing current-voltage IV curve scanning for each
voltage segment obtained through the division.

14. The IV curve scanning method according to claim 13,
wherein the performing the current-voltage IV curve scan-
ning for each voltage segment obtained through the division
comprises:

responsive to the performing the current-voltage IV curve
scanning for each voltage segment, adjusting the output
voltage of the photovoltaic module to a voltage of one
of two endpoints of the voltage segment.

15. The IV curve scanning method according to claim 13,

further comprising:

determining there is an intersection between two adjacent
voltage segments.

16. The IV curve scanning method according to claim 13,

further comprising:

determining two endpoints of a first voltage segment of
the voltage segments obtained through division are
respectively the open-circuit voltage and a threshold
voltage of the photovoltaic module, wherein the thresh-
old voltage of the photovoltaic module is less than a
minimum voltage needed by an auxiliary power source
for working, and a range from the threshold voltage of
the photovoltaic module to the preset minimum voltage
is divided into at least two range voltage segments.

17. The IV curve scanning method according to claim 16,
further comprising:

dividing the first voltage segment into at least two first
voltage segments.

18. The IV curve scanning method according to claim 13,

further comprising:

responsive to a plurality of optimizers in a same string
performing IV curve scanning at the same time, per-
forming current-voltage IV curve scanning with a first
optimizer on a first voltage segment; and
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performing current-voltage IV curve scanning with a
second optimizer on a second voltage segment.
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