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FIG. 1

Acquiring present operating state data of a photovoltaic array, wherein the photovoltaic
array includes at least two photovoltaic strings in parallel, and the present operating state
data includes present output current values of the photovoltaic strings and present
irradiances corresponding to the photovoltaic strings

4

Determining present characteristic parameters of the photovoltaic array based on the
present operating state data, wherein the present characteristic parameters are intended to
characterize characteristics of a present operating state of the photovoltaic array, and the
present characteristic parameters includes a present characteristic current value, a present

current discrete rate and the present irradiances

Y

Determining an operating state of the photovoltaic array by comparing the present
characteristic parameters with standard characteristic parameters of the photovoltaic
array

FIG. 2



WO 2021/183054 PCT/SG2021/050126

2/9

Acquiring historical operating state data of a photovoltaic array within a preset time period

!

Calculating a photovoltaic module temperature corresponding to the photovoltaic array based
on a maximum irradiance, a maximum wind speed and a maximum ambient temperature

!

Calculating a first maximum output current value corresponding to the photovoltaic array /—— 303
based on the photovoltaic module temperature and the maximum irradiance, wherein the first
maximum output current value is an output current value of the photovoltaic string under the

maximum irradiance

!

Calculating a second maximum output current value corresponding to the photovoltaic array /— 304
based on a rated installed capacity and a maximum system voltage, wherein the second
maximum output current value is a maximum current value that a combiner allows the

photovoltaic strings to input

. - . 305
Determining a minimum value of the first maximum output current value and the second /'
maximum output current value as a current threshold

!

Acquiring filtered historical operating state data by filtering the historical operating state data /’ 306
based on the current threshold, wherein the filtered historical output current values are less
than or equal to the current threshold

FIG. 3
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Constructing a first characteristic curve based on filtered historical output current
values and acquisition moments corresponding to the filtered historical output
current values, wherein the first characteristic curve characterizes a power
generation performance of a photovoltaic array, and the first characteristic curve
is a normal distribution curve

v

Determining a standard characteristic current value based on the first
characteristic curve and a preset empirical coefficient

Constructing a second characteristic curve based on the filtered historical output
current values and filtered historical irradiances, wherein the second characteristic
curve is a linear curve

Determining a standard irradiance based on the standard characteristic current
value and the second characteristic curve

!

Calculating a historical current discrete rate of the photovoltaic array based on the
filtered historical output current values

Y

Calculating a standard current discrete rate based on the historical current discrete
rate and a failure current discrete rate

FIG. 4
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Acquiring present operating state data of a photovoltaic array, wherein the

photovoltaic array includes at least two photovoltaic strings in parallel, and
the present operating state data includes present output current values of the
photovoltaic strings and present irradiances corresponding to the photovoltaic

strings
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Determining present characteristic parameters of the photovoltaic array based

on the present operating state data
l Yy 603 Y ~— 605 l r 604
Determining that an Acquiring prese.nt current di§crete rates Determining that the o;.)crating
operating state of the co:r_%pondmg to N continuous sta_te of the photovoltalc array
photovoltaic array is sampling momen:cs in response toa is normal in Tesponse toa
normal in response o a preser_lt characteristic current value present ch?ramenstlc current
present characteristic being grcatcr than a standard value being greater thana
current value being less charac.tens!nc currePt value and the standard characterlsu.c cu1:rent
than or equal to a standard present irradiance being greater than a valufa and the present irradiance
characteristic current value standard irradiance, wherein N is an being less than or equal to a
integer greater than or equal to 1 standard irradiance

Determining that the operating state of
the photovoltaic array is abnormal in
response to present current discrete
rates corresponding to at least M
continuous sampling moments being
greater than a standard current discrete
rate, wherein M is an integer greater

than or equal to 1, and M is less than or

/- 606

equal to N

FIG. 6



WO 2021/183054

6/9

PCT/SG2021/050126

Acquiring present operating state data of a photovoltaic array, wherein the photovoltaic
array includes at least two photovoltaic strings in parallel, and the present operating
state data includes present output current values of the photovoltaic strings and present
irradiances corresponding to the photovoltaic strings

601
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'

Acquiring filtered present output current values by filtering the present output current
values based on a current threshold, wherein the filtered present output current values
are less than or equal to the current threshold

602A

'

Determining a K percentile in the filtered present output current values as a present
characteristic current value, wherein K is an integer greater than or equal to 50

'

Determining a ratio of a current standard deviation to a current average corresponding
to the filtered present output current values as a present current discrete rate

602C
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'

603 y

605 l

Determining that an operating
state of the photovoltaic array
is normal in response to the
present characteristic current
value being less than or equal
to a standard characteristic
current value

Acquiring present current discrete rates
cotresponding to N continuous sampling
moments in response to the present
characteristic current value being greater
than a standard characteristic current value
and the present irradiance being greater than
a standard irradiance, wherein N is an
integer greater than or equal to 1

Determining that the operating r 604
state of the photovoltaic array
is normal in response to the
present characteristic current
value being greater than a
standard characteristic current
value and the present
irradiance being less than or
equal to a standard irradiance

A 4

Determining that the operating state of the
photovoltaic array is abnormal in response
to present curtent discrete rates
corresponding to at least M continuous
sampling moments being greater than a
standard current discrete rate, wherein M is
an integer greater than or equal to 1, and M
is less than or equal to N

FIG. 7
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801 Acquiring historical operating state data
corresponding to a photovoltaic array

803 Acquiring present operating state data
corresponding to a photovoltaic array

802 Determining standard characteristic
parameters based on the historical operating
state data, wherein the standard characteristic
parameters include a standard characteristic
current value, a standard current discrete rate

and a standard irradiance

804 Determining present characteristic
parameters based on the present operating state
data, wherein the present characteristic
parameters include a present characteristic
current value, a present current discrete rate
and a present irradiance

805 Judging whether the present
characteristic current value is less

than or equal to the standard
characteristic current valug

806 Judging whether the present

irradiance is less than or equal to the
standard irradiance

807 Judging whether the present
current discrete rate is less than or
equal to the standard current
discrete rate and whether an
abnormal moment is less than a
time threshold

809 Outputting that an abnormal photovoltaic
string exists in the photovoltaica array

FIG. 8

Yy

photovoltaic array is normal

808 Outputting that an operating state of the
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