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METHOD AND APPARATUS FOR RECOGNIZING
OPERATING STATE OF PHOTOVOLTAIC STRING AND
STORAGE MEDIUM

TECHNICAL FIELD

[0001] The present disclosure relates to the ficld of photovoltaic technologies, and more
particularly to a method and apparatus for recognizing an operating state of a

photovoltaic string, and a storage medium.

BACKGROUND

[0002] In actual running of a photovoltaic field station, failures often occur in a
photovoltaic string regarding power generation performance, such as low or abnormal
power generation performance. Therefore, inspection and maintenance are needed in
order to reduce a loss of power generation of the photovoltaic field station.

[0003] In the related art, operation and maintenance personnel are assigned to inspect
photovoltaic modules in the photovoltaic field station. Specifically, by comparing or
ranking respective photovoltaic strings in the photovoltaic field station, photovoltaic
strings with power generation performance with a low ranking or of a severe deviation
from an average level is defined as problematic photovoltaic strings.

[0004] However, misjudgment easily occurs during comparing or ranking the
photovoltaic strings because different photovoltaic strings have different power
generation performance due to variations in the installation process. As a result, accuracy

of determination of the operating state of a photovoltaic string is low.

SUMMARY
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[0005] Embodiments of the present disclosure provide a method and apparatus for
recognizing an operating state of a photovoltaic string, and a storage medium, which may
improve accuracy in determining an operating state of a photovoltaic string.

[0006] In one aspect, a method for recognizing an operating state of a photovoltaic string
is provided.

[0007] The method includes: calculating a theoretical power and a theoretical maximum
short-circuit current of the photovoltaic string under a current operating condition,
wherein the photovoltaic string is a circuit unit with a DC output formed by at least two
photovoltaic modules connected in series; calculating a typical year theoretical power and
a typical year maximum short-circuit current of the photovoltaic string; establishing
standard state parameters of the photovoltaic string based on the theoretical power, the
theoretical maximum short-circuit current, the typical year theoretical power, and the
typical year maximum short-circuit current of the photovoltaic string, wherein the
standard state parameters include a power threshold and a short-circuit current threshold
of the photovoltaic string; acquiring operating state parameters of the photovoltaic string
under the current operating condition, the operating state parameters including an
operating power and an operating current of the photovoltaic string; and determining the
operating state of the photovoltaic string by comparing the operating state parameters of
the photovoltaic string with the corresponding standard state parameters of the
photovoltaic string.

[0008] In another aspect, an apparatus for recognizing an operating state of a
photovoltaic string is provided.

[0009] The apparatus includes: a first calculating module, configured to calculate a
theoretical power and a theoretical maximum short-circuit current of the photovoltaic
string under a current operating condition, wherein the photovoltaic string is a circuit unit
with a DC output formed by at least two photovoltaic modules connected in series; a
second calculating module, configured to calculate a typical year theoretical power and a
typical year maximum short-circuit current of the photovoltaic string; a standard

establishing module, configured to establish standard state parameters of the photovoltaic
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string based on the theoretical power, the theoretical maximum short-circuit current, the
typical year theoretical power, and the typical year maximum short-circuit current of the
photovoltaic string, wherein the standard state parameters include a power threshold and
a short-circuit current threshold of the photovoltaic string; a first acquiring module,
configured to acquire operating state parameters of the photovoltaic string under the
current operating condition, wherein the operating state parameters include an operating
power and an operating current of the photovoltaic string; and a determining module,
configured to determine the operating state of the photovoltaic string by comparing the
operating state parameters of the photovoltaic string with the corresponding standard
state parameters of the photovoltaic string.

[0010] In some embodiments, the standard establishing module further includes: a first
acquiring sub-module, configared to determine a smaller one of the theoretical power and
the typical year theoretical power of the photovoltaic string as the power threshold; and a
second acquiring sub-module, configured to determine a smaller one of the theoretical
maximum short-circuit current and the typical year maximum short-circuit current of the
photovoltaic string as the short-cireuit current threshold.

[0011] In some cmbodiments, the apparatus further includes: a second acquiring module,
configured to acquire, at a preset interval, an instantaneous irradiancy of a photovoltaic
field station where the photovoltaic string is installed; a third acquiring module,
configured to determine a period during which the instantaneous irradiancy of the
photovoltaic field station is greater than or equal to an irradiancy threshold as a detection
period; and a fourth acquiring module, configured to determine an operating condition in
a specified period within the detection period as the current operating condition.

[0012] in some embodiments, the first acquiring module is configured to acquire a DC
side operating current and an operating power of a DC combiner box or a string-type
mverter of the photovoltaic string under the current operating condition in the detection
period.

[0013] i some embodiments, the first calculating module mcludes: a third acquiring

submodule, configured to acquire an irradiancy, an ambient temperature, and a wind
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speed of a photovoltaic field station under the current operating condition based on
meteorological data corresponding to the photovoltaic field station in response to
presence of the meteorological data; a first calculating submodule, configured to calculate
temperatures of photovoltaic modules in the photovoltaic string under the current
operating condition based on the irradiancy, the ambient temperature, and the wind speed
of the photovoltaic field station under the current operating condition; a second
calculating submodule, configured to calculate temperatures of cells of the photovoltaic
modules under the current operating condition based on the temperatures of the
photovoltaic modules; a third calculating submodule, configured to calculate an average
operating temperature of the cells of the photovoltaic modules corresponding to the
current operating condition based on irradiancies of the photovoltaic modules at a
detection time corresponding to the current operating condition in a typical year and the
temperatures of the photovoltaic modules at the detection time corresponding to the
current operating condition in a typical year; and a fourth calculating submodule,
configured to calculate the theoretical power and the theoretical maximum short-circuit
current of the photovoltaic string under the current operating condition based on the
irradiancy of the photovoltaic field station under the current operating condition, the
average operating temperature of the cells of the photovoltaic modules and the
temperatures of the cells of the photovoltaic modules under the current operating
condition.

[0014] In some embodiments, the first calculating module includes: a fourth acquirng
submodule, configured to acquire a maximum current in all photovoltaic strings under the
current operating condition in response to a case where the meteorological data
corresponding to the photovoltaic field station is not present; a fifth calculating
submodule, configured to calculate the irradiancy of the photovoltaic field station under
the current operating condition based on the maximum current; and a sixth calculating
submodule, configured to calculate the theoretical power and the theoretical maximum
short-circuit current of the photovoltaic string in the photovoltaic field station based on

the irradiancy of the photovoltaic field station under the current operating condition, the
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short-circuit current of the photovoltaic modules under a standard operating condition
and the irradiancies of the photovoltaic modules under a standard test condition.

[0015] fn some embodiments, the second calculating module includes: a fifth acquiring
submodule, configured to acquire irradiancies of the photovoltaic field station in a typical
year based on a geographic location of the photovoltaic field station, wherein an interval
of collecting an irradiancy of the photovoltaic field station in the typical year is identical
to an interval of acquiring an irradiancy of the photovoltaic ficld station under an
operating condition; a selecting submodule, configured to select the maximum irradiancy
among the irradiancies of the photovoltaic field station in the typical year at a detection
time corresponding to the current operating condition; and a seventh calculating
submodale, configured to calculate the typical year theoretical power, and the typical
year maximum short-circuit current of the photovoltaic string in the photovoltaic field
station based on the maximum irradiancy.

[0016] In some embodiments, the determining module includes: a first determining
submodule, configured to determine that a power of the photovoltaic string is inflated in
response to a case where the operating state parameters of the photovoltaic string are
greater than the standard state parameters of the photovoltaic string for a duration longer
than a first time-threshold; a sccond determining submodule, configured to determine that
a short-circuit occurs in the photovoltaic string in response to a case where a current in
the operating state parameters of the photovoltaic string is less than a current threshold
for a duration greater than a second time-threshold; and a third determining submodule,
configured to determine that the current or the power of the photovoltaic string is low in
response to a case where the operating state parameters of the photovoltaic string are less
than weighted standard state parameters of the photovoltaic string for a duration greater
than a third time-threshold.

[0017] In yet another aspect, a computer device is provided. The computer device
includes a processor and a memory storing at least one instruction, at least one program, a
code set, or an instruction set; wherein the at least one instruction, the at least one

program, the code set, or the instruction set, when loaded and executed by the processor,
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causes the processor to perform the method for recognizing the operating state of the
photovoltaic string of the above-mentioned aspect.

[0018] In yet another aspect, a non-transitory computer-readable storage medium is
provided. The storage medium stores at least one instruction, at least one program, a code
set or an instruction set, wherein the at least one instruction, the at least one program, the
code set, or the instruction set, when loaded and executed by a processor of a computer
device, causes the computer device to perform the method for recognizing the operating
state of the photovoltaic string of the above-mentioned aspect.

[0019] The technical solutions according to the present disclosure may achieve the
following beneficial effects.

[0020] In the present disclosure, a theoretical power and a theoretical maximum short-
circuit current of a photovoltaic string under a current operating condition as well as a
typical year theoretical power and a typical year maximum short-circuit current of the
photovoltaic string are calculated to establish standard state parameters including a power
threshold and a short-circuit current threshold of the photovoltaic string, operating state
parameters of the photovoltaic string are acquired, and an operating state of the
photovoltaic string is determined by comparing the operating state parameters with the
corresponding standard state parameters of the photovoltaic string. Therefore, an actual
operating state of the photovoltaic string can be acquired by a benchmark determination
on the operating parameters of the photovoltaic string during operation and maintenance
of a photovoltaic power plant, thereby improving accuracy in determining the operating

state of a photovoltaic string.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are incorporated in and constitute a part of
this specification, illustrate embodiments consistent with the present disclosure and,
together with the description, serve to explain the principles of the present disclosure.

[0022] FIG. 1 illustrates a flowchart of a method for recognizing an operating state of a

photovoltaic string according to an exemplary embodiment of the present disclosure;
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[0023] FIz. 2 illustrates a flowchart of a method for recognizing an operating state of a
photovoltaic string according to an exemplary embodiment of the present disclosure;
[0024] FIG. 3 illustrates a flowchart of a method for recognizing an operating state of a
photovoltaic string according to an exemplary embodiment of the present disclosure;
[0025] FIG. 4 illustrates a flowchart of a method for recognizing an operating state of a
photovoltaic string according to an exemplary embodiment of the present disclosure;
[0026] FIG. 5 dlustrates a flowchart of a method for recognizing an operating statc of a
photovoltaic string according to an exemplary embodiment of the present disclosure;
[0027] FIG. 6 illustrates a block diagram of a device for recognizing an operating state of
a photovoltaic string according to an exemplary embodiment of the present disclosure;
and

[0028] FIG. 7 illustrates a structural block diagram of a computer device according to an

exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION

[0029] Descriptions are made in detail with respect to some embodiments, examples of
which are illustrated in the accompanying drawings. The following description refers to
the accompanying drawings in which the same reference numerals in different drawings
represent the same or similar elements, unless otherwise specified. The embodiments set
forth in the following description of exemplary embodiments do not represent all
implementations consistent with the present disclosure. Instead, these embodiments are
merely examples of apparatuses and methods consistent with aspects related to the
disclosure as recited in the appended claims.

[0030] Understandably, the term "a plurality of" herein refers to two or more, and the
term. The term "and/or" herein describes association relationships of the associated
objects, indicating three relationships. For example, A and/or B, can be expressed as: A
exists alone, A and B exist concurrently, B exists alone. The symbol "/" generally

indicates an "OR" relationship between the contextual objects.
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[0031] in operation and maintenance of a photovoltaic field station, a troubleshoot on an
operating state of photovoltaic strings is necessary. The present disclosure provides a
method for recognizing an operating state of a photovoltaic string, and the method may
improve accuracy in determining an operating state of a photovoltaic string. For casy
understanding, terms mvolved in embodiments of the present disclosure are explained
below.

[0032] 1} Photovoltaic string

[0033] A photovoltaic string, referred to as a string of modules, is a circuit unit with a DC
output formed by several photovoltaic modules connected in series in a photovoltaic
system.

[0034] 2} Photovoltaic module

[0035] The photovoltaic modale, also known as a solar pancl, is formed by connecting in
series, connecting in parallel, and then tightly packaging several unit cells. The
photovoltaic module may convert solar energy into electric energy and send the electric
energy to a battery for storage or drive a load thereby. Conventional photovoltaic
modules are classified into double-glass modules, conventional modules, thin-film
modules, and the like.

[0036] 3} Typical Mcteorological Year (TMY)

[0037] The typical metcorclogical year is simply referred to as a typical year in the
embodiments of the present disclosure. The typical vear 1s a data yvear composed of a
series of hourly meteorological data such as solar radiation. The Typical year has the
following characteristics:

[0038] (1} A distribution of occwrrence frequency of meteorological data such as solar
radiations, air temperatures and wind speeds in the typical vear is similar to a long-term
distribution of cccurrence frequency of meteorological data in the past vears;

[0039] (2} Meteorological parameters of the typical year have similar continuity of daily
parameter standards to meteorological parameters of the past years;

[0040] (3} Meteorological parameters of the typical year and parameters in the past vears

have correlations between different parameters.
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[0041] The typical year may be a typical meteorological year composed of 12 typical
monthly meteorological data calculated and selected from the past vears of
meteorological data, or may be determined by performing selection and calculation on
typical meteorological years of different cities and regions with different weighting
factors.

[0042] 4) Irradiancy

[0043] An wrradiancy is defined as encrgy per unit arca.

[0044] S) Current operating condition

[0045] In the embodiments of the present disclosure, the current operating condition
means a condition such as chimate and 1rradiancy corresponding to a period durmg which
an operating state recognition is performed by employing the present method during
actual operation of the photovoltaic string for which an operating state recognition is
needed.

[0046] 6} Theoretical power and operating power

[0047] The theorctical power means a power that should be output by a photovoltaic
string under a current operating condition in theoretical calculation, and the operating
power means a power actually output by a photovoltaic string under a current operating
condition in actual operation.

[0048] In general, a difference is recognized between the operating power and the
theoretical power, and the difference is due to a natural covironment, a line loss, and the
like. Generally, the operating power is less than the theoretical power in normal operation
of the photovoltaic string.

[0049] 7} Theoretical shori-circuit current and operating current

[0050] A short-circuit current means a current that flows when an abnormal connection
(ie., short-circuit} occurs between phases or between phase and ground {or neutral)
during running of a power system.

[0051] The theoretical short-circuit current may indicate a maximum current that may be

generated in a photovoltaic string under a current operating condition, and the operating
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current means a current generated in the photovoltaic string during actual operation under
a current operating condition.

[0052] in normal operation of a photovoltaic string, the operating current is less than the
theoretical short-circuit current.

[0053] %) Typical year theoretical power and typical year maximum short-circuit current
[0054] With reference to the above-mentioned explanations of the typical vear, there are
usually multiple typical years. Among these typical years, the chimate data of the typical
vear with the highest uradiancy is selected for calculating the typical vear theoretical
power and typical year maximum short-circuit current of the typical vear.

[0055] That 1s, the typical vear theoretical power means maximum power that may be
output by the photovoltaic string under an operating condition of the typical year, and the
typical year maximum short-circuit current means a maximum current that may be
generated in the photovoltaie string ander the operating condition of the typical year.
[0056] In actual running a photovoltaic ficld station, failures often occurs in a
photovoltaic string regarding power generation performance, such as low or abnormal
power generation performance. However, an operation and mainicnance personnel may
not accurately judge or analyze reasons for low power generation performance based on
currents and voltages of photoveltaic strings. Further, since a large amount of data is
stored on the platforoy, it is bard to offectively guide operation and mamtenance by using
these data, which result in a loss of power generation of the photovoltaic field station.
Besides, the number of photovoltaic strings in a photovoltaic field station is very large,
for example, a MW photovoltaic power plant generally mcludes 165-185 photovoltaic
strings. In a large photovoltaic field station, particularly a ground power plant or a
distributed-type photovoltaic power plant with mudtiple roofs, situations of the
mnstallation field of photovoltaic modeles are often complex and different from one
another. For example, installation azimuths, nstallation inclinations, and shading states
of respective photovoltaic modules are different, and therefore it 1s difficult to accurately
determine those photovoltaic strings with real low power generation performance and

reasons of failures from the aspect of data.
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[0057] In a conventional method, the photovoltaic strings are compared with each other
or are ranked to define a photovoltaic string of which power generation performance of
low rank or of severe deviation from an average level as problematic, such that the
photovoltaic string with low power generation performance may be directly recognized.
However, since it is normal that different photovoltaic strings have different power
generation performance due to variations in installation information as previously
discussed, actually damaged photovoltaic strings with power generation performance of
middle rank are not correctly recognized and may be easily neglected aithough they are
photovoltaic strings with real low power generation performance. Besides, sometimes
simce data may not be accurately transmitted to a monuoring platform or data
abnormalities occur due to communication failures in the photovoltaic field, and a
misjudgment may occur on a photovoltaic string of lowest rank when data abnormalities
are too large, while performance of this photovoltaic string does not really become low.
Therefore, bigdata acquired by a photovoltaic cloud monitor platform should be used to
perform an algorithm analysis to restore real generation performance of photovoltaic
strings, such that a real situation of the power generation performance of photovoltaic
strings in the photovoltaic ficld station may be accurately determined and failure reasons
may be analyzed and classified, by which advice may be concluded for improving
operating cfficiency of an operation and maintenance personnel to overcome failures,
thereby reducing a loss of power generation of the photovoltaic power plant.

[0058] FIG. 1 illustrates a flowchart of a method for recognizing an operating state of a
photovoltaic string according to an exemplary embodiment of the present disclosure. The
method may be performed by a server. As shown in FIG. 1, the method may inclade the
following steps:

[0059] In step 110, a theoretical power and a theoretical maximum short-circuit current
of a photovoltaic string under the current operating condition are calculated. The
photovoltaic string is a circuit unit with a DC output formed by at least two photovoltaic

modules connected in series.
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[0060] A solar cell may only generate a voltage of 0.5 V, which is far lower than the
voltage required for practical use. In order to meet requirements of practical applications,
solar cells need to be connected into a solar cell module. A solar cell module contains a
number of solar celis connected in series or in parallel, such that a solar module may
generate more electric power to meet requirements of practical applications.

[0061] In a photovoliaic generation system, several photovoltaic modules are generally
connected in serics to form a cireunit unit having a DC output for cnsuring capacity to
mect increased capacity requirements on photovoltaic modules. Since the number of
photovoltaic modules contained in one photovoltaic string 1s not himited, it is necessary to
perform design and adjustment according to an actual mstallation field and an
environment of the photovoltaic string.

[0062] In step 120, a typical year theoretical power and a typical year maximum short-
circuit current of the photovoltaic string are calculated.

[0063] Referring to the above-mentioned explanation of the typical vear, the typical year
theoretical power, and the typical vear maximum short-circuit current are calculated
based on data with the largest trradiancy 1o the typical vear. For example, a typical year
may be selected based on meteorological data of the past twenty years for summarizing
the change characteristics of the meteorological data of the past twenty vears. The
maximum irradiancy in the typical vear is sclected for calculating the typical year
theoretical power and the typical year maximum short-circuit current of the photovoltaic
string,.

[0064] In step 130, standard state parameters of the photovoltaic string are established
based on the theoretical power, the theoretical maximum short-circuit current, the typical
year theoretical power, and the typical year maximum short-circuit current of the
photovoltaic string. The standard state parameters include a power threshold and a short-
circuit current threshold of the photovoltaic string.

[0065] in step 140, operating state parameters of the photovoltaic string under the current
operating condition are acquired. The operating state parameters include an operating

power and an operating current of the photovoltaic string.
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[0066] in step 150, the operating state of the photovoltaic string is determined by
comparing the operating state parameters of the photovoltaic string with the
corresponding standard state parameters of the photovoltaic string.

[0067] In swmmary, in the method for recognizing an operating state of a photovoltaic
string according to the cmbodunents of the present disclosure, the theoretical power and
the theoretical maximum short-circuit current of a photovoltaic string under the current
operating condition as well as the typical year theoretical power and the typical year
maximum short-circuit current of the photovoltaic string are calculated to establish
standard state parameters including a power threshold and a short-circuit current
threshold of the photovoltaic string, operating state parameters of the photovoltaic string
are acquired, and an operating state of the photovoltaic string is determined by comparing
the operating state parameters with the corresponding standard state parameters of the
photovoltaic string. Therefore, an actual operating state of the photovoltaic string can be
acquired by a benchmark determination on the operating parameters of the photovoltaic
string during operation and maintenance of a photovoltaic power plant, thereby
improving the accuracy in determining the operating state of a photovoltaic string.

[0068] In a case where the photovoltaic field station has a weather station or
meteorological data corresponding to the photovoltaic field station may be acquired, FiG.
2 llustrates a flowchart of a method for recognizing an operating state of a photovoltaic
string according to an exemplary embodiment of the present disclosure. The method may
be performed by a server. As shown in FIG. 2, the method may include the following
steps:

[0069] In step 201, an instantaneous irradiancy of the photovoltaic field station where the
photovoltaic string is installed is acquired at a preset interval.

[0070] The irradiancy of a photovoltaic field station inclades horizontal irradiancy and
oblique trradiancy, which are generally determined based on the angle of the weather
station irradiator installed in the photovoltaic ficld station. When a weather station
irradiator is installed horizontally, a detected wradiancy is horizontal irradiancy; and

when the weather station irradiator is installed obliquely, a detected irradiancy is oblique
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irradiancy, wherein an inclination of the irradiator is generally collected by a monitoring
platform to which power plant data access. Because photovoltaic modules are usually
installed to form an inclination with respect to the ground, it is usually preferred to
perform the above calculation with the oblique irradiancy. If the oblique irradiancy is
unavailable, the calculation may be performed with the horizontal rradiancy.
[0071] In step 202, a period during which the instantaneous irradiancy of the photovoltaic
field station is greater than or equal to an irradiancy threshold is determined as a
detection period.
[0072] The operation of the photovoltaic string depends on the trradiancy, and the power
generation changes with the irradiancy. In detail, when the irradiancy rises, the power
generation of the photovoltaic string rises accordingly; and when the irradiancy falls, the
power generation of the photovoltaic string falls accordingly. Therefore, in order to
climinate mterference on recognition to the operating state of the photovoltaie string
caused by a decrease of power generation of the photovoltaic string due to a oo low
irradiancy, the instantaneous irradiancy of the photovoltaic field station is acquired at a
preset interval. A period during which the instantaneous irradiancy of the photovoltaic
field station is greater than or equal to an irradiancy threshold is determined as a
detection period. Duc to different geographical locations of different photoveltaic field
stations, detection periods of different photovoltaic field stations are also different.
[0073] Optionally, the irradiancy threshold is 300 w/m?, that is, only data in a period
during which the irradiancy is greater than or equal to 300 w/m? is calculated during
recognition on the photovoltaic string operating state.
[0074] When H; represents the instantancous irradiancy of the photovoltaic field station,
Hinres represents the irradiancy threshold, the instantaneous irradiancy Hi of the
photovoltaic field station in the detection period satisfies the following relations:

Hi 2 Hinres
[0075] In step 203, an operating condition in a specified period within the detection

period is determined as the current operating condition.
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[0076] The current operating condition means charactenstic values of the meteorclogical
data corresponding to a period in the detection period. The characteristic value may be
instantancous meteorological data when the data is collected, or be an average of
meteorological data during the period.

[0077] A period in which the current operating condition is located is determined by a
frequency of data collection. For example, the frequency of data collection may be once
for every 1 minute, every 5 minutes, or every 10 minutes, accordingly, the corresponding
current operating condition is the instantancous meteorological data of every | munute,
cvery 5 munutes, or every 10 minutes. Optionally, the corresponding current operating
condition may also be an average of the meteorological data of every 1 minute, every §
minutes, or every 10 minutes. The frequency of data collection may be set by a tester
according to the calculating capacity of the server.

[0078] In embodiments of the present disclosure, a case in which the nstantaneous
meteorological data in data collection is the characteristic value of the meteorological
data is took as an example to describe the present disclosure.

[0079] In step 204, a theoretical power and a theoretical maximum short-circuit current
of a photovoltaic string under the current operating condition are calculated. The
photovoltaic string is a circuit unit with a DC output formed by at least two photovoltaic
modules connected in series.

[0080] In some embodiments, an irradiancy, an ambient temperature, and a wind speed of
the photovoltaic field station under the current operating condition are acquired based on
meteorological data corresponding to the photovoltaic field station in response to
presence of the meteorological data.

[0081] Then the temperature of the photovoltaic modules in the photovoltaic string under
the current operating condition is calculated based on the irradiancy and the wind speed
of the photovoltaic field station under the current operating condition, a formula for

calculating the temperature is as follows:

T, = H*[“"""] + T,
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[0082] Tw: represents a temperature of the photovoltaic module under the current
operating condition, Hi is an instantaneous irradiancy of the photovoltaic string
corresponding to the current operating condition, W, represents a wind speed, Tams
represents an ambient temperature of the photovoltaic field station under the current
operating condition, and a. b arc constants dependent on a type and installation manner of

the photovoltaic module. For details, reference may be made to Table 1.

Table 1
Component type Installation manner a b AT
Double-glass module | Fixed inclination -3.47 -(2.0594 3
Double-glass module | Fixed inclination -2.98 -0.0471 1
conventional module Fixed inclination -3.56 -0.075 3
conventional module Color steel tile -2.81 -3.0455 0
Thin film module Fixed inclination -3.58 -(.113 3

[0083] Temperatures of cells of the photovoltaic modules under the current operating
condition are calculated based on temperatures of the photovoltaic modules. The
calculation is based on the following formula:

H;
Gose

[0084] T.en represents a temperature of a cell of the photovoltaic module under the

Tcell = Tm + *AT

current operating coundition, Gge represents an irradiancy of the photovoltaic module
under a standard test condition and has a value of 1000 W/ m?, and AT represents a
temperature parameter dependent on a type and installation manner of the photovoltaic
module. For details | reference may be made to Table 1.

[0085] A standard test condition is a test condition of a test standard (STC) for a
photoveltaic module accepted in the art, ie., AM= 1.5 1000 W/m?; 25°C, whercin AM
means atr-mass, AM=1.5 means that an actual distance of hight passing through the
atmosphere is 1.5 times the vertical thickness of the atmosphere; 1000 W/m? is an
irradiancy of light in a standard test for a solar cell; 25 °C means that the operation is

performed at 25 °C.
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[0086] An average operating temperature of the cells of the photovoltaic modules
corresponding to the current operating condition is calculated based on irradiancies of the
photovoltaic modules at a time corresponding to the current operating condition in a
typical year and temperatures of the photovoltaic modules at the time corresponding to
the current operating condition in a typical year. The calculation is based on the

following formula:

Z (thp_i *Tcell_typ_i)

Tcell_typ_a,ug = Z H
typ_i

[0087] Teent ovp ave tepresents the average operating temperature of cells of the

photovoltaic module corresponding to the current operating condition, Hyyy ; represents an
irradiancy at a detection time corresponding to the current operating condition in a typical
vear, and Tee tvp i tepresents the temperature of the photovoltaic module at the detection
time corresponding to the current operating condition in a typical year.

[0088] The theoretical power and theoretical maximum short-circuit current of the
photovoltaic string under the current operating condition are calculated based on the
irradiancy of the photovoltaic field station under the current operating condition, the
average operating temperature of cells of the photovoltaic modules and the temperature
of cells of the photovoltaic modules under the current operating condition,. The

calculation is based on the following formulas:

-H'i, [1 - % (TcelLtyp,(wg - Tcell) ]
Gstc

Hi* [1 - % (Tcell_typ_a.vg - Tcell)]
Gstc

I'i_ma.x = K*Istc

*n

R:Pstc*

[0089] F; represents the theoretical power of the photovoltaic string under the current
operating condition, Ii max tepresenis the theoretical short-circuit current of the
photovoltaic string under the current operating condition, & sepresents the power

temperature coefficient of the photovoltaic module and its unit 1s %/°C, 0 is the number
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of the photovoltarc modales constitute the photovoltaic string, K is an experience
parameters affected by the installation situation of the photovoltaic maodule, Py
represents the nominal power of the photovoltaic module under the standard operating
condition, Iy represents the nominal short-circuit current of the photoveltaic module
under the standard operating condition, Py, and L. may be acquired from a product
specification of the photovoltaic module.

[0090] it should be noted that, a current flowing through the photovoltaic string is just a
current flowing through each photovoltaic module since the photovoltaic string 1s formed
by several photovoltaic modules connected in series, while power gencrated by the
photovoltaic string is equal to the sum of power generated by all photovoltaic modules in
the photovoltaic string. In practice, specifications of photovoltaic modules constitute the
photovoltaic string are generally of the same, therefore a power of the photovoltaic string
may be calculated by multiplying the power of a single photovoltaic module by the
number of photovoltaic modules constitute the photovoltaic string.

[0091] In step 205, a typical year theoretical power and a typical year maximum short-
circuit current of the photovoltaic string are calculated.

[0092] In some embodiments, irradiancies of the photovoltaic field station in a typical
year are acquired according to a geographic location of the photovoltaic field station,
wherein an interval of collecting an irradiancy of the photovoltaic field station in the
typical year is identical to an interval of acquiring an irradiancy of the photovoltaic field
station under the operating condition.

[0093] A maximum irradiancy among irradiancies of the photovoltaic ficld station in the
typical year is selected, and the typical year theoretical power and the typical year
maximum short-circuit current of the photovoltaic string in the photovoltaic field station
are calculated based on the maximum irradiancy in the typical year.

[0094] The typical year theoretical power and the typical year maximum short-circuit

current of the photovoltaic string are calculated by using the following formulas:

%
_ I stc H tmy_max
I sc_tmy_max — G
ste
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*
Pstc Htmy_max *
Ptm max — n
Y- G :
ste

[0095] Lsc tmy max represents the typical year theoretical short-circuit current of the
photovoltaic string, Py max represents the typical year theoretical power, Isic represents
the nominal short-circuit current of the photovoltaic module under the standard operating
condition, and Himy max represents the maximum irradiancy of the photovoltaic string ina
typical year.

[0096] In step 206, standard state parameters of the photovoltaic string are established
based on the theoretical power, the theoretical maximum short-circuit current, the typical
year theoretical power, and the typical year maximum short-circuit current of the
photovoltaic string. The standard state parameters include a power threshold and a short-
circuit current threshold of the photovoltaic string.

[0097] In some embodiments, a smaller one of the theoretical power and the typical year
theoretical power of the photovoltaic string is determined as the power threshold; a
smaller one of the theoretical maximum short-circuit current and the typical year
maximum short-circuit current of the photovoltaic string is determined as the short-circuit
current threshold.

[0098] The current threshold and the power threshold are expressed as follows:
I thres — min (I i _max)Isc_tmy_max)
Pthres = min (Pi,Ptm/y_max)

[0099] e represents the short-circuit current threshold of the photovoltaic siring, Pures
represents the power threshold of the photovoltaic string.

[00100] in step 207, operating state parameters of the photovoltaic string under the
current operating condition in the detection period are acquired.

[00101] In some embodiments, a DC side operating current and operating power of a DC
combiner box or a siring-type inverter of the photovoltaic string under the current

operating condition in the detection period are acquired.
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[00102] The combiner box is a device for combining and monitoring. In practice, a
number of photovoltaic cells with same specification are connected in series to form a
plurality of photovoltaic strings to be connected in parallel in a photovoltaic combiner
box.

[00103] Asn wverter is a device that converts a DC power to an AC power.

[00104] A detection operation on the operating cumrent and operating power of
photovoltaic string mav be performed on the DC side of the DC combmer box and the
string-type nverter to acquire the operating current and the operating power of the entire
photovoltaic string. Therefore, ot is not necessary to perform detection and caleulation on
single photovoltaic modules, thereby improving calculation efficiency.

[00105] I step 208, the operating state of the photovoltaic string is determined by
comparing the operating state parameters of the photovoltaic string with the
corresponding standard state parameters of the photovoltaic string.

[00106] In some embodiments, it is determined that power of the photovoltaic string is
inflated in response to a case where the operating state parameters of the photovoltaic
string are greater than the standard state parameters of the photovoltaic string for a
duration longer than a first time-threshold.

[00107] The determination is based on the following relations:

Iz > Ithre.s
Pz > Pthres

[00108] I« represents the operating current of the photovoltaie string, Py represents the
operating power of the photovoltaic string, and the following relation is satisfied:

Tdurl > Tl

[00109] in this case, a current or power of the photovoltaic string is inflated, and a related
warning message is automatically issued by a server for alamm. Taun represents a duration
in which the current or power of the photovoltaic string keeps inflated, T; represents the
first time-threshold set in advance. That is. a temporary inflation of the current or power
of the photovoltaic string mav not trigger a warning message, and the message may be

issued only after the current or power of the photovoltaic string keeps mnflated for a
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duration, thereby avoiding issuing wrong instructions to an gperation and maintenance
personnel under a misjudgment of the operating state of the photovoltaic string due to an
accident. When it is confirmed that a current or a power of the photovoltaic string is
inflated, the server may issue corresponding instructions to remind the operation and
maintenance personnel to perform a corresponding inspection. The inspection is
generally checking a communication module or line of the photovoltaic string, since the
inflation generally occurs when the communication module fails or line data is abnormal.
[00110] The first time-threshold may be | hour.

[00111] It is determined that a short-circuit occurs in the photovoltaic string in response
to a case where a current in the operating state parameters of the photovoltaic string is
less than a current threshold for a duration greater than a second time-threshold.

[00112] The determination is based on the following relation:

I.<I
[00113] 11 represents the current threshold, and the value of I may be 0.01 A, and the
following relation is satisfied:

Tour2 > T

[00114] in this case, the photovoltaic string is disconnected, and a warning message is
issued automatically by the server for alarm.

[00115] This case may be caused by fuse blowmng, damage of fuse base damage,
detachment or blowing of a module connection terminal in the photovoltaic string,
burning-out of a module junction box in the photovoltaic string, and the like. The server
may give comresponding instructions fo an operation and maintenance personnel
according to the above-mentioned possible situations.

[00116] Taur represents a duration for which the photovoltaie string is disconnected, T2
represents the second time-threshold set in advance, the second time-threshold may be 30
minates.

[00117] It is determined that a current or power of the photovoltaic string is low in

response to a case where the operating state parameters of the photovoltaic string are less
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than weighted standard state parameters of the photovoltaic string for a duration greater
than a third time-threshold.
[00118] The determination is based on the following relations:

I, < 0*pres

P, < f*Pire,
[00119] wherein @ and § represent experience parameters, and the followmg relation is
satistied:

Tours > T

[00120] in this case, a current or power of the photovoltaic string is low, and the
photovoltaic string has low power generation performance, then a corresponding warning
message is issued automatically by the server for alarm.
[00121] Taurs represents a duration in which the photovoltaic string is disconnected, T3
represents the third time-threshold set in advance. In other words, a temporary low level
of the current or power of the photovoltaic string may not trigger a warning message, and
the message may be issued only after the current or power of the photovoltaic string
keeps i a low level for a duration, thereby avoiding issuming wrong instructions to an
operation and maintenance personnel under a misjudgment of the operating state of the
photovoltaic string due to an accident. When 1t 1s determined that the photovoltaie string
has low performance, the server may issue corresponding nstructions to renund the
operation and maintenance personnel to check the photovoliaie string. If a photovoltaic
string with fow performance has no inherent perennial shadow, local dust or other severe
contamination, it may be determined that the photovoltaic modules are severely
attenvated or damaged. The operation and maintenance personnel should perform
relevant performance tests to the photovoltaic string, such as a health detection on the
photovoltaic string by using a thermal imager or EL tester, and the photovoltaic string
with low performance is replaced so as to reduce a loss of power generation.
[00122] The third time-threshold may be 3 hours.
[00123] it should be noted that, the first time-threshold, the second tume-threshold and

the three time-threshold may be adjusted according to actual situation, and the present
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disclosure does not limit values of the first time-threshold, the second time-threshold and
the three time-threshold.

[00124] in summary, in the method for recognizing an operating state of a photovoltaic
string according to the embodiments of the present disclosure, the theoretical power and
the theoretical maximum short-circuit current of a photovoltaic string under the current
operating condition as well as the typical year theoretical power and the typical year
maximum short-circuit current of the photovoltaic string are calculated to establish
standard state parameters including a power threshold and a short-circuit current
threshold of the photovoltaic string, operating state parameters of the photovoltaic string
are acquired, and an operating state of the photovoltaic string is determined by comparing
the operating state parameters with the corresponding standard state parameters of the
photovoltaic string. Therefore, an actual operating state of the photovoltaic string can be
acquired by a benchmark determination on the operating parameters of the photovoltaic
string during operation and maintenance of a photovoltaic power plant, thereby
improving the accuracy in determining the operating state of a photovoltaic string.
[00125] In a case where the photovoltaic field station has no weather station or the
meteorological data corresponding to the photovoltaic field station may not be acquired,
FIG. 3, which illustrates a flowchart of a method for recognizing an operating state of a
photovoltaic string according to an exemplary embodiment of the present disclosure, may
be referred to. The method for recognizing an operating state of a photovoltaic string may
be performed by a server. As shown in FIG. 3, the method may include the following
steps:

[00126] In step 301, a maximum current in all of the photovoltaic strings under the
current operating condition is acquired in response to a case where the meteorological
data corresponding to the photovoltaic field station is not present.

[00127] In step 302, an irradiancy of the photovoltaic field station under the current
operating condition is calculated based on the maximum current.

[00128] Since the meteorological data corresponding to the photovoltaic field station may

not be acquired, the irradiancy of the photovoltaic field station may not be acquired.
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Therefore, the theoretical irradiancy under the carrent operating condition needs to be
converted from existing operating data of the photovoltaic field station for determining
whether an irradiancy under the current operating condition meets a condition of being
greater than or equal to the irradiancy threshold.

[00129] The calculation is based on the following formula:

*
_ Imp_all_nmx Gstc
Hi_th -

I sc_stc

[00130] H; & represents the theorctical irradiancy under the current operating condition,
Tep_ati_wax reprosents a maxinmumn current i all of the photovoltaic strings under the
current operating condition.
[00131] In step 303, the theoretical power and theoretical maximum short-circuit current
of the photovoltaic string in the photovoltaic field station are calculated based on an
irradiancy of the photovoltaic field station under the current operating condition, the
short-circuit current of the photovoltaic modules under a standard operating condition
and irradiancies of the photovoltaic modules under a standard test condition, in response
to determining that the theoretical irradiancy under the current operating condition is
greater than or equal to the irradiancy threshold.
[00132] The logic for determining that the theoretical irradiancy under the current
operating condition is greater than or equal to the irradiancy threshold is as follows:
Hi m > Hines

[00133] The theoretical power and theoretical maximum short-circuit current of the
photovoltaic string in the photovoltaic field station based on the irradiancy of the
photovoltaic field station under the current operating condition, the short-circuit current
of the photovoltaic modules under a standard operating condition and irradiancies of the
photovoltaic modules under a standard test condition are calculated by using the
following formulas:
I o = K*Istc*%

ste
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H; w
Gstc

B_th = Pstc* *n

[00134] §;_max o represents the theoretical maximum short-circuit current under the
current operating condition, and Py represents the theoretical power under the carrent
operating condifion.

[00135] In step 304, typical year theoretical power and a typical year maximum short-
circuit current of the photovoltaic string are calculated.

[00136] in step 305, standard state parameters of the photovoltaic string are established
based on the theoretical power, the theoretical maximum short-circuit current, the typical
year theoretical power, and the typical year maximum short-circuit current of the
photovoltaic string. The standard state parameters include a power threshold and a short-
circuit current threshold of the photovoltaic string.

[00137] in some embodiments, a smaller one of the theoretical power and the typical year
theoretical power of the photovoltaic string is determined as the power threshold; and a
smaller one of the theoretical maximum short-circuit current and the typical year
maximum short-circuit current of the photovoltaic string is determined as the short-circuit
current threshold.

[00138] The cusrrent threshold and the power threshold are expressed as follows:
Ithres = min (Il _max_th» Isc_tmy_ma.x)
Pthres =min (Pi_thaPtmy_ma.x)

[00139] in step 306, operating state parameters of the photovoltaic string under the
current operating condition in the detection period are acquired.

[00140] v step 307, the operating state of the photovoltaic string is determined by
comparing the operating state parameters of the photovoltaic string with the
corresponding standard state parameters of the photovoltaic string.

[00141] Details of steps 304, 306 and 307 are omitted herein, and for the details,
reference may be made to the related contents of steps 203, 207 and 208 in the

embodiment shown m FIG. 2.
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[00142] In summary, in the method according to the embodiments of the present
disclosure, the theoretical power and the theoretical maximum short-circuit current of a
photovoltaic string under the current operating condition as well as the typical year
theoretical power and the typical year maximum short-circuit current of the photovoltaic
string are calculated to establish standard state parameters including a power threshold
and a short-circuit current threshold of the photovoltaic string, operating state parameters
of the photovoltaic string are acquired, and an operating state of the photovoltaic string is
determined by comparing the operating state parameters with the corresponding standard
state parameters of the photovoltaic string. Therefore, an actual operating state of the
photovoltaic string can be acquired by a benchmark determination on the operating
parameters of the photovoltaic string during operation and maintenance of a photovoltaic
power plant, thereby improving the accuracy in determining the operating state of a
photovoltaic string.

[00143] FIG. 4 illustrates a flowchart of a method for recognizing an operating state of a
photovoltaic string according to an exemplary embodiment of the present disclosure. The
method may be performed by a server. As shown in FIG. 4, the method may mclude the
following steps:

[00144] In step 401, a detection time is determined and operating state parameters of the
photovoltaic string arc acquired.

[00145] In step 402, an operating power and an operating current of the photovoltaic
string under the operating condition are output.

[00146] Operating state parameters of the photovoltaic string acquired n the step 401
include the operating power and operating current of the photovoltaic string under the
operating condition, which indicate a part of the operating state parameters of the
photovoltaic string during the detection time.

[00147] In step 403, a theoretical power and a theoretical short-circuit current of the
photovoltaic string are calculated by selecting a corresponding calculation manner
according to a specific situation.

[00148] in step 404, meteorological data in a typical vear is acquired.
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[00149] The meteorological data in the typical year of the photovoltaic ficld station
where the photovoltaic string is located is acquired.

[00150] in step 405, a theoretical power and a theoretical short-circuit current of the
photovoltaic string in the typical year are calculated.

[00151] The theoretical power and theoretical short-circuit current of the photovoltaic
string in the typical year are calculated based on the meteorological data in the typical
vear.

[00152] in step 406, the operating state of the photovoltaic string 1s determined.

[00153] The operating state of the photovoltaic string is detemmined based on the
theoretical power and the theoretical short-circuit current of the photovoltaie string, the
operating power and the operating cuarrent of the photovoltaic string under the operating
condition as well as the theoretical power and the theoretical short-cirauit current of the
photovoltaic string in the typical year.

[00154] In step 407, corresponding advice for operation and maintenance is provided
based on the operating state of the photovoltaic string.

[00155] In sunumary, in the method according to the embodiments of the present
disclosure, the theoretical power and the theoretical maximum short-circuit current of a
photovoltaic string under the current operating condition as well as the typical year
theoretical power and the typical year maximum short-circuit current of the photovoltaic
string are calculated to establish standard state parameters including a power threshold
and a short-circuit current threshold of the photovoltaic string, operating state parameters
of the photovoltaic string are acquired, and an operating state of the photovoltaic string is
determined by comparing the operating state parameters with the corresponding standard
state parameters of the photovoltaic string. Therefore, an actual operating state of the
photovoltaic string can be acquired by a benchmark determination on the operating
parameters of the photovoltaic string during operation and maintenance of a photovoltaic
power plant, thereby improving the accuracy in determining the operating state of a

photovoltaic string.
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[00156] An exemplary embodiment of the present disclosure provides a method for
recognizing an operating state of a photovoltaic string, which may be performed by a
server, and the server may be implemented as a cloud monitoring platform. The method
may include the following steps:
[00157] §. In photovoltaic ficld stations with weather stations:
[00158] in step 1, an irradiancy of the photovoltaic field station 15 acquired, and state data
of the photovoltaic string in a period with an irradiancy greater than 300 w/ m? is selected
as the operating state data.
[00159] fn step 2, theoretical power Py and a theoretical short~circunt cusrent §i_max of the
photovoltaic string under the current operating condition are calculated.
[00160] In step 3, a maximum irradiancy Himy max in irradiancies of typical vear of the
photovoltaic field station is acquired.
[00161] In step 4, typical year theoretical power Py max and a typical year maxdmum
short-circuit current Ise my max 0f the photovoltaie string are calculated based on the
maximum irradiancy Huy ma
[00162] In step 5, a smaller one of the theoretical power P and the typical year
theoretical power Py max 1s determined as the power threshold Puwes in the standard state
parameters, and a smaller one of the theorctical short-circuit current I s and the typical
vear maximum short-circuit current L my max 18 determined as the short-circuit current
threshold Tuwes 1 the standard state parameters,
[00163] In step 6, an operating power Py and an operating current Iy of the photovoliaic
string under the current operating condition are acquired.
[00164] In step 7, a first time-threshold Ty 1s set. If the operating power Px and an
operating current I of the photovoltaic string satisfy the following relation:

I > Feres

Py > Pihres
[00165] and the duration Taur satisfics the following relation:

Tawr > T
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[00166] then a cloud system determines that the current or power of the photovoltaic
string is inflated, and automatically sends a warning message.
[00167] in step 8, the current threshold I and the second time-threshold T) are set, if the
operating current Iy satisfies the following relations:

Tx < Titwes

Tae> To
[00168] then the cloud system detcomines that the photovoltaic string is disconnected and
automaticallv sends warning information.
[00169] I step 9, a third time-threshold T3 is set. If the operating power Py and the
operating current Ix of the photovoltaic string satisfy the following relations:

Ex <0 * Kres
Px <B * Pitres

[00170] and the duration Tayr satisfies the following relation:

Taur > T3
[00171] wherein ¢ and B are experience coefficients;
[00172] then the cloud system determines that the photovoltaic string has low
performance, and avtomatically sends a warning message.
[00173] H. In photoveltaic ficld stations without weather stations:
[00174] In step 1. a maximum current Tmp allmax among currents of all photovoltaic string
in the photovoltaic field station under the current operating condition is acguired.
[00175] In step 2, an wradiancy Hi g of the photovoltaic field station i3 calculated, and
state data of the photovoltaic string in a period with an irradiancy greater than 300 w/ m?
is selected as the operating state data.
[00176] In step 3, a theoretical power Piw and a theoretical short-circuit current B max o
of the photovoltaic string vonder the current operating condition are calculated based on an
irradiancy Hi mof the photovoltaic field station.
[00177] in step 3, a maximum irradiancy Huny max 18 irradiancies in the typical vear of the

photovoltaic field station is acquired.
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[00178] In step 4, typical vear theoretical power Puny max and a typical vear maximum

short-circuit current L tmy max Of the photovoltaic string are calculated based on the

[00179] in step 3, a smaller one of the theoretical power Pim and the typical year
theorctical power Puny max 15 determined as the power threshold Puyes it the standard state
parameters, and a smaller one of the theoretical short-circuit current I max o and the
tvpical vear maximum short-circuit current ki wmy wax is determined as the short-circuit
current threshold Tines 10 the standard state parameters.
[00180] fn step 6, an operating power P« and an operating current Ik of the photovoltaic
string under the current operating condition are acquired.
[00181] I step 7. a first time-threshold Ty is set. If the operating power Py and the
operating current Ix of the photovoltaic string satisfy the follows:

L > Tinres

Py > Pies
[00182] and the duration Tayr satisfies the follows:

Tawr>Ts
[00183] then the cloud system determiines that a current or power of the photovoltaic
string is inflated, and automatically sends a waming message.
[00184] In step 8, the current threshold Ty and the second time-threshold T2 are set. fthe
operating current Iy satisfies the follows:

T <Liies

Taur > T2
[00185] then the cloud system determines that the photovoltaic siring 1s disconnected and
automatically sends warning information.
[00186] In step 9, a third time-threshold Ts is set. If the operating power Px and the
operating cusrent Ix of the photovoltaic string satisty the follows:

Ix <00 ¥ inres
Po<B * Priues

[00187] and the duration Tgur satisfies the follows:
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Taur > T3
[00188] wherein g and § are experience coefficients;
[00189] then the cloud system detemmines that the photovoltaic string has low
performance, and awtomatically sends a warning message.
[00190] FIG. 5 illustrates a flowchart of a method for recognizing an operating state of a
photovoltaic string according to an exemplary embodiment of the present disclosure. For
the logic of performing the above steps, reference may be made to FIG. 5. As shown in
FIG. 3, in recognition of the photovoltaic string operating state, the theoretical irradiancy
under the current operating condition and the theoretical power and theoretical current of
the photovoltaic string are acquired with different manners for a scene of having a
weather station and a scene of having no weather station, then the standard state
parameters are determined based on the calculated typical year theoretical maximum
short-cireuit current and the typical vear theoretical power, the operating state parameters
are compared with the standard state parameters to determine an operating state of the
photovoltaic string, and corresponding advice is given based on the determined operating
state of the photovoltaic string.
[00191] In summary, in the method according to the embodiments of the present
disclosure, the theoretical power and the theoretical maximum short-circuit current of a
photovoltaic string under the current operating condition as well as the typical year
theoretical power and the typical year maximum short-circuit current of the photovoltaic
string are calculated to establish standard state parameters including a power threshold
and a short-circuit current threshold of the photovoltaic string, operating state parameters
of the photovoltaic string are acquired, and an operating state of the photovoltaic string is
determined by comparing the operating state parameters with the corresponding standard
state parameters of the photovoltaic string. Therefore, an actual operating state of the
photovoltaic string can be acquired by a benchmark determination on the operating
parameters of the photovoltaic string during operation and maintenance of a photovoltaic
power plant, thereby improving the accuracy in determining the operating state of a

photovoltaic string.
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[00192] FIG. 6 illustrates a block diagram of an apparatus for recognizing an operating
state of a photovoltaic string according to an exemplary embodiment of the present
disclosure. The apparatus may be mmplemented as all or part of a server in the form of
software to perform all or part of the steps of the method according to the corresponding
embodiment shown in FIG. 1, FIG. 2, FIG. 3, FIG. 4, or FIG. 5. As shown in FIG. 6, the
apparatus may include a first calculating module 610, a second calculating module 620, a
standard cstablishing module 6390, a first acquiring module 540, and a deternuning
module 650,

[00193] The first calculating module 610 is configured 1o calculate a theoretical power
and a theoretical maximum short-circuit current of a photovoltaic string under the current
operating condition, wherein the photovoltaic string is a circuit unit with a DC output
formed by at least two photovoltaic modules connected in series.

[00194] The second calculating module 620 is configured to calculate a typical year
theoretical power and a typical year maximum short-circuit current of the photovoltaic
string.

[00195] The standard establishing module 630 is configured to establish standard state
parameters of the photovoltaic string based on the theoretical power, the theoretical
maximum short-circuit current, the typical year theoretical power, and the typical year
maximum short-circuit current of the photovoltaic string, wherein the standard state
parameters include a power threshold and a short-circuit current threshold of the
photovoltaic string.

[00196] The first acquiring module 640 is configured to acquire operating state
parameters of the photovoltaic string under the current operating condition, wherein the
operating state parameters include an operating power and an operating current of the
photovoltaic string.

[00197] The deternuning modale 650 is configured to determine the operating state of the
photovoltaic string by comparing the operating state parameters of the photovoltaic string

with the corresponding standard state parameters of the photovoltaic string.

32



WO 2021/141544 PCT/SG2021/050017

[00198] in some embodiments, the standard establishing module 630 includes: a first
acquiring submodule, configured to determine a smaller one of the theoretical power and
the typical year theoretical power of the photovoltaic string as the power threshold; and a
second acquiring submaodule, configured to determine a smaller one of the theoretical
maximum short-circuit current and the typical year maximum short-circuit current of the
photovoltaic string as the short-circuit current threshold.

[00199] in some embodiments, the apparatus further includes: a second acquiring module,
configured to acquire, at a preset interval, an instantaneous irradiancy of the photovoltaic
field station where the photovoltaic string is installed; a third acquiring module,
configured 1o determine a period during which the instantaneous irradiancy of the
photovoltaic field station is greater than or equal to an irradiancy threshold as a detection
period; and a fourth acquiring module, configured to determine an operating condition in
a specified period within the detection period as the current operating condition.

[00200] in some enmtbodiments, the first acquiring module 640 is configured to acquire a
D side operating current and an operating power of a DC combiner box or a string-type
mverter of the photoveltaic string under the current operating condition in the detection
period.

[00201] In some cmbodiments, the first calculating module 610 inchludes: a third
acquiring submodule, configured to acquire an irradiancy, an ambient temperature, and a
wind speed of the photovoltaic field station under the current operating condition based
on the meteorological data corresponding to the photovoltaic field station in response to
presence of the meteorological data; a first calculating submodule, configured to calculate
temperatures of the photovoltaic modules in the photovoltaic string under the current
operating condition based on the irradiancy, the ambient temperature, and the wind speed
of the photovoltaic field station under the current operating condition; a second
calculating submodule, configured to calcalate temperatures of cells of the photovoltaic
modules under the current operating condition based on the temperatures of the
photovoltaic modules; a third calculating submodule, configured to calculate an average

operating temperature of the cells of the photovoltaic modules corresponding to the

33



WO 2021/141544 PCT/SG2021/050017

current operating condition based on irradiancies of the photovoltaic modules at the
detection time corresponding to the current operating condition in a typical year and the
temperatures of the photovoltaic modules at the detection time corresponding to the
current operating condition in a typical year; and a fourth calculating submodule,
contigured to calculate theoretical power and a theoretical maximum short-circuit current
of the photovoltaic string under the current operating condition based on the irradiancy of
the photovoltaic field station under the current operating condition, the average operating
temperature of the cells of the photovoltaic modules and the temperatures of cells of the
photovoltaic modules under the current operating condition.

[00202] in some embodiments, the first calculating module 610 mcludes: a fourth
acquiring submodule, configured to acquire a maximum current in all of the photovoltaic
strings under the current operating condition in response to a case where the
meteorological data corresponding to the photovoltaic field station is not present; a fifth
calculating submodule, configured to calculate an irradiancy of the photovoltaic field
station under the current operating condition based on the maximum current; and a sixth
calculating submodule, configured to calculate theoretical power and a theoretical
maximum short-circuit current of the photovoltaic string in the photovoltaic field station
based on the irradiancy of the photovoltaic field station under the current operating
condition, the short-circuit current of the photovoltaic modules under a standard
operating condition and irradiancies of the photovoltaic modules under a standard test
condition.

[00203] In some embodiments, the second calculating module 620 mcludes: a fifth
acquiring submodule, configured to acquire irradiancies of the photovoltaic field station
in a typical year according to a geographic location of the photovoltaic field station,
wherein an interval of collecting an irradiancy of the photovoltaic field station in the
typical year is identical to an interval of acquiring an irradiancy of the photovoltaic field
station under the operating condition; a selecting submodule, configured to select a
maximum irradiancy among the irradiancies of the photovoltaic field station in the typical

year at the detection time corresponding to the current operating condition; and a seventh
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calculating submodule, configured to calculate typical year theoretical power and a
typical year maximum short-circuit current of the photovoltaic string in the photovoltaic
field station based on the maximum irradiancy.

[00204] in some embodiments, the determining module 650 includes: a first determining
submodule, configured to determine that power of the photovoltaic string is inflated in
response to a case where the operating state parameters of the photovoltaic string are
greater than the standard state parameters of the photovoltaic string for a duration longer
than a first time-threshold; a second determining submodule, configured to determine that
a short-circuit occurs in the photovoltaic string in response to a case where a current in
the operating state parameters of the photovoltaic string is less than a current threshold
for a duration greater than a second time-threshold; and a third determiming submodule,
configured to determine that a current or power of the photovoltaic string is low in
response to a case where the operating state parameters of the photovoltaic string are less
than the weighted standard state parameters of the photovoltaic string for a duration
greater than a third time-threshold.

[00205] In summary, the apparatus according to the cmbodiments of the present
disclosure is applied in a server, wherein the theoretical power and the theoretical
maximum short-circuit current of a photovoltaic string under the current operating
condition as well as the typical year theoretical power and the typical year maximum
short-circuit current of the photovoltaic string are calculated to establish standard state
parameters including a power threshold and a short-circuit current threshold of the
photovoltaic string, operating state parameters of the photovoltaic string are acquired, and
an operating state of the photovoltaic string is determined by comparing the operating
state parameters with the corresponding standard state parameters of the photovoltaic
string. Therefore, an actual operating state of the photovoltaic string can be acquired by a
benchmark determination on the operating parameters of the photovoltaic string during
operation and maintenance of a photovoltaic power plant, thereby improving the accuracy

of determination of the operating state of a photovoltaic string.
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[00206] FIG. 7 illustrates a schematic structural diagram of a computer device according
to an exemplary embodiment of the present disclosure. The computer device may be
implemented as the above-mentioned server in the solutions of the present disclosure.
The computer device 700 includes a central processing unit (CPU) 701, a system memory
704 including a random-access memory (RAM) 702 and a read-only memory (ROM) 703,
and a system bus 705 connecting the system memory 704 and the CPU 701. The
computer device 700 further includes a basic input/output system (I/O system) 706 which
helps transmit information between various components within a computer, and a high-
capacity storage device 707 for storing an operating system 713, an application 714, and
other program modules 715.

[00207] The basic I/O system 706 includes a display 708 for displaying information and
an input device 709, such as a mouse and a keyboard, for a user to input the information.
The display 708 and the input device 709 are both connected to the CPU 701 by an /O
controller 710 connected to the system bus 705. The basic /O system 706 may also
include the I/O controller 710 for receiving and processing input from a plurality of other
devices, such as a keyboard, a mouse and an electronic stylus. Similarly, the I/O
controller 710 further provides output to a display screen, a printer or other types of
output devices.

[00208] The high-capacity storage device 707 is connected to the CPU 701 by a high-
capacity storage controller (not shown) connected to the system bus 705. The high-
capacity storage device 707 and its associated computer-readable medium provide non-
volatile storage for the computer device 700. That is, the high-capacity storage device
707 may include a computer-readable medium (not shown), such as a hard disk or a CD-
ROM drive.

[00209] Without loss of generality, the computer-readable medium may include a
computer storage medium and a communication medium. The computer storage medium
includes volatile and non-volatile, removable and non-removable media implemented in
any method or technology for storage of information such as a computer-readable

instruction, a data structure, a program module or other data. The computer storage
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medium includes a RAM, a ROM, an EPROM, an EEPROM, a flash memory or other
solid-state storage devices; a CD-ROM, DVD or other optical storage devices; and a tape
cartridge, a magnetic tape, a disk storage or other magnetic storage devices. It will be
known by a person skilled in the art that the computer storage medium is not limited to
above. The above system memory 704 and the high-capacity storage device 707 may be
collectively referred to as the memory.

[00210] According to various embodiments of the present disclosure, the computer
device may also be connected to a remote computer on a network over the network, such
as the Internet, for operation. That is, the computer device 700 may be connected to the
network 712 by a network interface unit 711 connected to the system bus 705, or may be
connected to other types of networks or remote computer systems (not shown) with the
network interface unit 711.

[00211] The memory further includes one or more programs stored in the memory. The
one or more programs, when loaded and rub by the CPU 701, cause the CPU 701 to
perform all or part of the steps of the method shown in FIG. 1, FIG. 2, FIG. 3, FIG. 4 or
FIG. 5.

[00212] Those skilled in the art will appreciate that in one or more examples described
above, the functions described in the embodiments of the present disclosure can be
implemented in hardware, software, firmware, or any combination thercof. When
implemented in software, the functions may be stored in a computer-readable medium or
transmitted as one or more instructions or codes on the computer-readable medium. The
computer-readable medium includes both a computer storage medium and a
communication medium including any medium that facilitates transfer of a computer
program from one location to another. The storage medium may be any available medium
that can be accessed by a general-purpose or special-purpose computer.

[00213] An exemplary embodiment provides a non-transitory computer-readable storage
medium storing at least one instruction, at least one program, a code set, or an instruction
set. The at least one instruction, the at least one program, the code set, or the instruction

set, when loaded and executed by a processor of a computer device, causes the computer
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device to perform all or part of the steps of the method according to any of the above-
described embodiments shown in FIG. 2, FIG. 3 and FIG. 4. For example, the non-
transitory computer-readable storage medium may be a ROM, a RAM, a CD-ROM, a
magnetic tape, a floppy disk, an optical data storage device, or the like.

[00214] Other embodiments of the present disclosure will be apparent to those skilled in
the art from consideration of the specification and practice of the present disclosure. This
application is intended to cover any variations, uses, or adaptations of the present
disclosure following the general principles thereof and including common knowledge or
commonly used technical measures which are not disclosed herein. The specification and
embodiments are to be considered as exemplary only, with a true scope and spirit of the
present disclosure is indicated by the following claims.

[00215] The present disclosure is not limited to the exact constructions that have been
described above and illustrated in the accompanying drawings, and various modifications
and changes can be made without departing from the scope thereof. It is intended that the

scope of the present disclosure is only subject to the appended claims.
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CLAIMS

What is claimed is:

1. A method for recognizing an operating state of a photovoltaic string, comprising:

calculating a theoretical power and a theoretical maximum short-circuit current of
the photovoltaic string under a current operating condition, wherein the photovoltaic
string is a circuit unit with a DC output formed by at least two photovoltaic modules
connected in series;

calculating a typical year theoretical power and a typical year maximum short-
circuit current of the photovoltaic string;

establishing standard state parameters of the photovoltaic string based on the
theoretical power, the theoretical maximum short-circuit current, the typical year
theoretical power, and the typical year maximum short-circuit current of the photovoltaic
string, wherein the standard state parameters comprise a power threshold and a short-
circuit current threshold of the photovoltaic string;

acquiring operating state parameters of the photovoltaic string under the current
operating condition, wherein the operating state parameters comprise an operating power
and an operating current of the photovoltaic string; and

determining the operating state of the photovoltaic string by comparing the
operating state parameters of the photovoltaic string with the corresponding standard

state parameters of the photovoltaic string.

2. The method according to claim 1, wherein establishing the standard state
parameters of the photovoltaic string based on the theoretical power, the theoretical
maximum short-circuit current, the typical year theoretical power, and the typical year
maximum short-circuit current of the photovoltaic string comprises:

determining a smaller one of the theoretical power and the typical year theoretical

power of the photovoltaic string as the power threshold; and
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determining a smaller one of the theoretical maximum short-circuit current and the
typical year maximum short-circuit current of the photovoltaic string as the short-circuit

current threshold.

3. The method according to claim 1, wherein before calculating the theoretical
power and the theoretical maximum short-circuit current of the photovoltaic string under
the current operating condition, the method further comprises:

acquiring, at a preset interval, an instantaneous irradiancy of a photovoltaic field
station where the photovoltaic string is installed;

determining a period during which the instantaneous irradiancy of the photovoltaic
field station is greater than or equal to an irradiancy threshold as a detection period; and

determining an operating condition in a specified period within the detection period

as the current operating condition.

4. The method according to claim 1, wherein calculating the theoretical power and
the theoretical maximum short-circuit current of the photovoltaic string under the current
operating condition comprises:

acquiring an irradiancy, an ambient temperature, and a wind speed of a photovoltaic
field station under the current operating condition based on meteorological data
corresponding to the photovoltaic field station in response to presence of the
meteorological data;

calculating temperatures of the photovoltaic modules in the photovoltaic string
under the current operating condition based on the irradiancy, the ambient temperature,
and the wind speed of the photovoltaic field station under the current operating condition;

calculating temperatures of cells of the photovoltaic modules under the current
operating condition based on the temperatures of the photovoltaic modules;

calculating an average operating temperature of the cells of the photovoltaic
modules corresponding to the current operating condition based on irradiancies of the

photovoltaic modules at a detection time corresponding to the current operating condition
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in a typical year and the temperatures of the photovoltaic modules at the detection time
corresponding to the current operating condition in a typical year; and

calculating the theoretical power and theoretical maximum short-circuit current of
the photovoltaic string under the current operating condition based on the irradiancy of
the photovoltaic field station under the current operating condition, the average operating
temperature of the cells of the photovoltaic modules and the temperatures of the cells of

the photovoltaic modules under the current operating condition.

5. The method according to claim 1, wherein calculating the theoretical power and
the theoretical maximum short-circuit current of the photovoltaic string under the current
operating condition comprises:

acquiring a maximum current in all photovoltaic strings under the current operating
condition in response to a case where the meteorological data corresponding to the
photovoltaic field station is not present;

calculating an irradiancy of the photovoltaic field station under the current operating
condition based on the maximum current; and

calculating the theoretical power and theoretical maximum short-circuit current of
the photovoltaic string in the photovoltaic field station based on the irradiancy of the
photovoltaic field station under the current operating condition, the short-circuit current
of the photovoltaic modules under a standard operating condition and irradiancies of the

photovoltaic modules under a standard test condition.

6. The method according to claim 1, wherein calculating the typical year theoretical
power and the typical year maximum short-circuit current of the photovoltaic string
comprises:

acquiring irradiancies of the photovoltaic field station in a typical year according to
a geographic location of the photovoltaic field station, wherein an interval of collecting
an irradiancy of the photovoltaic field station in the typical year is identical to an interval

of acquiring an irradiancy of the photovoltaic field station under an operating condition;
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selecting a maximum irradiancy among the irradiancies of the photovoltaic field
station in the typical year at a detection time corresponding to the current operating
condition; and

calculating the typical year theoretical power and the typical year maximum short-
circuit current of the photovoltaic string in the photovoltaic field station based on the

maximum irradiancy.

7. The method according to claim 1, wherein determining the operating state of the
photovoltaic string by comparing the operating state parameters of the photovoltaic string
with the corresponding standard state parameters of the photovoltaic string comprises:

determining that a power of the photovoltaic string is inflated in response to a case
where the operating state parameters of the photovoltaic string are greater than the
standard state parameters of the photovoltaic string for a duration longer than a first time-
threshold;

determining that a short-circuit occurs in the photovoltaic string in response to a
case where a current in the operating state parameters of the photovoltaic string is less
than a current threshold for a duration greater than a second time-threshold; and

determining that the current or the power of the photovoltaic string is low in
response to a case where the operating state parameters of the photovoltaic string are less
than weighted standard state parameters of the photovoltaic string for a duration greater

than a third time-threshold.

8. An apparatus for recognizing an operating state of a photovoltaic string,
comprising:

a first calculating module, configured to calculate a theoretical power and a
theoretical maximum short-circuit current of the photovoltaic string under a current
operating condition, wherein the photovoltaic string is a circuit unit with a DC output

formed by at least two photovoltaic modules connected in series;
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a second calculating module, configured to calculate a typical year theoretical power
and a typical year maximum short-circuit current of the photovoltaic string;

a standard establishing module, configured to establish standard state parameters of
the photovoltaic string based on the theoretical power, the theoretical maximum short-
circuit current, the typical year theoretical power, and the typical year maximum short-
circuit current of the photovoltaic string, wherein the standard state parameters comprise
a power threshold and a short-circuit current threshold of the photovoltaic string;

a first acquiring module, configured to acquire operating state parameters of the
photovoltaic string under the current operating condition, wherein the operating state
parameters comprise an operating power and an operating current of the photovoltaic
string; and

a determining module, configured to determine the operating state of the
photovoltaic string by comparing the operating state parameters of the photovoltaic string

with the corresponding standard state parameters of the photovoltaic string.

9. A computer device, comprising a processor and a memory storing at least one
instruction, at least one program, a code set, or an instruction set; wherein the at least one
instruction, the at least one program, the code set, or the instruction set, when loaded and
executed by the processor, causes the processor to perform the method as defined in any

one of claims 1 to 7.

10. A non-transitory computer-readable storage medium storing at least one
instruction, at least one program, a code set, or an instruction set; wherein the at least one
instruction, the at least one program, the code set, or the instruction set, when loaded and
executed by a processor of a computer device, causes the computer device to perform the

method as defined in any one of claims 1 to 7.
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