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(57) ABSTRACT

The present disclosure provides an arcing detection device.
The arcing detection device may include a detection coil and
a processing circuit operably connected to the detection coil.
The detection coil may be configured to detect a current var-
iation of a system. The processing circuit may be configured
to determine information of an arcing event of the system
based on the current variation of the system. The informa-
tion of the arcing event of the system may include a position
where the arcing event occurs in the system.
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DEVICES AND METHODS FOR ARCING
DETECTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. Pat.
Application No. 17/305,538, filed on Jul. 9, 2021, which
claims priority to Chinese Patent Application No.
202010656446.5, filed on Jul. 9, 2020, the contents of
which are hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to arcing
detection, and more particularly, relates to an arcing detec-
tion device and an arcing detection method thereof.

BACKGROUND

[0003] When a system operates involving a high-voltage
power, an arcing event may occur in the system. During the
arcing event, an impedance of the system may drop abruptly
and correspondingly an electric current of the system may
increase abruptly, negatively affecting the performance of
the system and/or reducing a service life of the system.
Thus, it is desirable to design an arcing detection device
configured to efficiently detect, e.g., whether an arcing
event (e.g., a small arcing event, a big arcing event) occurs
in a system, a position where an arcing event occurs in the
system etc.

SUMMARY

[0004] According to some embodiments of the present
disclosure, an arcing detection device may be provided.
The arcing detection device may include a detection coil
configured to detect a current variation of a system; and a
processing circuit operably connected to the detection coil.
The processing circuit may be configured to determine
information of an arcing event of the system based on the
current variation of the system. The information of the arc-
ing event of the system may include a position where the
arcing event occurs in the system.

[0005] In some embodiments, the information of the arc-
ing event may also include whether the arcing event of the
system is a small arcing event or a big arcing event.

[0006] In some embodiments, the detection coil may
include a winding material and a framework configured to
support the winding material.

[0007] In some embodiments, the winding material may
include a winding wire or a winding laying.

[0008] In some embodiments, the winding material may
be wound, by multiple turns, from a first position of the
framework to a second position of the framework.

[0009] In some embodiments, the winding material may
also be wound, on a central region of the framework, from
the second position to the first position along a circumferen-
tial direction of the framework.

[0010] In some embodiments, the detection coil may
include a Rogowski coil.

[0011] In some embodiments, the Rogowski coil may be
integrated in a printed circuit board (PCB).

[0012] In some embodiments, the processing circuit may
include a comparison circuit configured to: generate a com-
parison result by comparing the current variation of the sys-
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tem with one or more current variation thresholds; and
determine the information of the arcing event of the system
based on the comparison result.

[0013] In some embodiments, the comparison circuit may
include a first comparator of a first current variation thresh-
old and a second comparator of a second current variation
threshold. The first comparator and the second comparator
may be configured to compare the current variation with the
first current variation threshold and the second current var-
iation threshold, respectively. The first current variation
threshold may be lower than the second current variation
threshold. In response to determining that the current varia-
tion is higher than the first current variation threshold and
lower than the second current variation threshold, the com-
parison circuit may determine that the small arcing event
occurs in the system. In response to determining that the
current variation is higher than the second current variation
threshold, the comparison circuit may determine that the big
arcing event occurs in the system.

[0014] In some embodiments, the processing circuit may
include a transformer, a first end of which is operably con-
nected to the detection coil, and a second end of which is
operably connected to the comparison circuit. The transfor-
mer may be configured to insulate a signal associated with
the current variation from a magnetic field generated by the
arcing event of the system and transmit the signal to the
comparison circuit.

[0015] In some embodiments, the arcing detection device
may also include a casing configured to accommodate the
detection coil.

[0016] In some embodiments, the detection coil may be
operably connected to a high-voltage connection assembly
configured to operably connect the detection coil to the sys-
tem. The high-voltage connection assembly may include at
least one of a plug, a socket, or a flange.

[0017] In some embodiments, the plug may be operably
connected to the flange; the plug may match with the socket;
and the plug may be located in the detection coil.

[0018] In some embodiments, the detection coil may be
integrated in the plug.

[0019] In some embodiments, the system may include an
X-ray system. The X-ray system may include: an X-ray tube
configured to emit an X-ray beam; a high-voltage tank con-
figured to generate a high voltage. The high voltage may be
applied to the X-ray tube to provide power to the X-ray tube.
The detection coil may be located between the high-voltage
tank and the X-ray tube.

[0020] In some embodiments, the high-voltage tank may
include a high-voltage connection assembly configured to
operably connecting the detection coil to the X-ray system.
In response to determining that the arcing event occurs in
the system based on the current variation detected by the
detection coil, the arcing event may be determined to
occur in the X-ray tube or a high-voltage cable operably
connecting the high-voltage tank and the X-ray tube.
[0021] In some embodiments, the X-ray tube may include
a high-voltage connection assembly configured to operably
connecting the detection coil to the X-ray system. In
response to determining that the arcing event occurs in the
system based on the current variation detected by the detec-
tion coil, the arcing event may be determined to occur in the
X-ray tube.

[0022] In some embodiments, the detection coil may
include a first detection coil located at a high-voltage con-
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nection assembly of the high-voltage tank and a second
detection coil located at a high-voltage connection assembly
of the X-ray tube. In response to determining that the arcing
event occurs in the system based on a current variation
detected by the first detection coil and no arcing event
occurs in the system based on a current variation detected
by the second detection coil, the arcing event may be deter-
mined to occur in a high-voltage cable that operably con-
nects the high-voltage tank and the X-ray tube.

[0023] In some embodiments, the detection coil may
include a first detection coil located at a high-voltage con-
nection assembly of the high-voltage tank and a second
detection coil located at lead of an arcing suppression unit
of the high-voltage tank. In response to determining that the
arcing event occurs in the system based on a current varia-
tion detected by the second detection coil and no arcing
event occurs in the system based on a current variation
detected by the first detection coil, the arcing event may be
determined to occur in the high-voltage connection assem-
bly of the high-voltage tank.

[0024] In some embodiments, the detection coil may
include a first detection coil located at a lead of an arcing
suppression unit of the high-voltage tank and a second
detection coil located at a lead of a filter capacitor of the
high-voltage tank. In response to determining that the arcing
event occurs in the system based on a current variation
detected by the second detection coil and no arcing event
occurs in the system based on a current variation detected
by the first detection coil, the arcing event may be deter-
mined to occur in the arcing suppression unit of the high-
voltage tank.

[0025] In some embodiments, in response to determining
that an electric current detected by a current detection unit of
the high-voltage tank is larger than a first current threshold
and smaller than a second current threshold, the arcing event
may be determined to occur in a high-voltage connection
assembly of the high-voltage tank.

[0026] According to another aspect of the present disclo-
sure, a detection coil configured to detect a current variation
of a system may be provided. The detection coil may
include: a winding material; and a framework configured
to support the winding material. The winding material may
be wound, by multiple turns, from a first position of the
framework to a second position of the framework and
further wound, on a central region of the framework, from
the second position to the first position along a circumferen-
tial direction of the framework.

[0027] According to another aspect of the present disclo-
sure, a high-voltage connection assembly configured to
operably connect at least two components may be provided.
The high-voltage connection assembly may include: a plug
operably connected to a flange; a socket matching with the
plug; and a detection coil integrated in the plug. The detec-
tion coil may be configured to detect a current variation of a
system.

[0028] According to another aspect of the present disclo-
sure, an arcing detection method may be provided. The arc-
ing detection method may include: obtaining a signal asso-
ciated with a first current variation of a system; determining
a second current variation of the system based on the signal
associated with the first current variation; and determining
information of an arcing event of the system based on the
second current variation of the system, the information of
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the arcing event of the system comprising a position where
an arcing event occurs in the system.

[0029] In some embodiments, the signal associated with
the first current variation or the second variation may be
detected by a detection coil of an arcing detection device.
The system may include a high-voltage tank, an X-ray tube,
and a high-voltage cable operably connecting the high-vol-
tage tank to the X-ray tube. The high-voltage tank may
include a high-voltage connection assembly configured to
operably connecting the detection coil to the system. In
response to determining that the arcing event occurs in the
system is determined based on the current variation detected
by the detection coil, the arcing event may be determined to
occur in the X-ray tube or the high-voltage cable.

[0030] In some embodiments, in response to determining
that the second current variation is higher than a first current
variation threshold, the arcing event occurs in the system
may be determined.

[0031] In some embodiments, the information of the arc-
ing event of the system may also include whether the arcing
event of the system is a small arcing event or a big arcing
event.

[0032] In some embodiments, in response to determining
that the second current variation is higher than a first current
variation threshold and lower than a second current varia-
tion threshold, the arcing event of the system is a small arc-
ing event may be determined.

[0033] In some embodiments, in response to determining
that the current variation is higher than a second current var-
iation threshold, the arcing event of the system is a big arc-
ing event may be determined.

[0034] Additional features will be set forth in part in the
description which follows, and in part will become apparent
to those skilled in the art upon examination of the following
and the accompanying drawings or may be learned by pro-
duction or operation of the examples. The features of the
present disclosure may be realized and attained by practice
or use of various aspects of the methodologies, instrumen-
talities, and combinations set forth in the detailed examples
discussed below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The present disclosure is further described in terms
of exemplary embodiments. These exemplary embodiments
are described in detail with reference to the drawings. The
drawings are not to scale. These embodiments are non-limit-
ing exemplary embodiments, in which like reference numer-
als represent similar structures throughout the several views
of the drawings, and wherein:

[0036] FIGS. 1A and 1B provide different views illustrat-
ing an exemplary detection coil according to some embodi-
ments of the present disclosure;

[0037] FIGS. 2A and 2B provide different views illustrat-
ing an exemplary detection coil according to some embodi-
ments of the present disclosure;

[0038] FIGS. 3A and 3B provide different views illustrat-
ing an exemplary detection coil according to some embodi-
ments of the present disclosure;

[0039] FIGS. 4A and 4B provide different views illustrat-
ing an exemplary detection coil according to some embodi-
ments of the present disclosure;
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[0040] FIG. 5 is a schematic diagram illustrating an
exemplary arcing detection device according to some embo-
diments of the present disclosure;

[0041] FIG. 6 is a schematic diagram illustrating an
exemplary connection between a high-voltage connection
assembly and a detection coil according to some embodi-
ments of the present disclosure;

[0042] FIG. 7 is a schematic diagram illustrating an
exemplary connection between a high-voltage connection
assembly and a detection coil according to some embodi-
ments of the present disclosure;

[0043] FIGS. 8A-8C are schematic diagrams illustrating
exemplary X-ray systems according to some embodiments
of the present disclosure;

[0044] FIG. 9 is a flowchart illustrating an exemplary arc-
ing detection process according to some embodiments of the
present disclosure;

[0045] FIG. 10 is a curve illustrating an exemplary change
of electric currents over time according to some embodi-
ments of the present disclosure; and

[0046] FIG. 11 is a schematic diagram illustrating exemp-
lary hardware of an exemplary computing device according
to some embodiment of the present disclosure.

DETAILED DESCRIPTION

[0047] In the following detailed description, numerous
specific details are set forth by way of examples in order
to provide a thorough understanding of the relevant disclo-
sure. However, it should be apparent to those skilled in the
art that the present disclosure may be practiced without such
details. In other instances, well-known methods, procedures,
systems, components, and/or circuitry have been described
at a relatively high-level, without detail, in order to avoid
unnecessarily obscuring aspects of the present disclosure.
Various modifications to the disclosed embodiments will
be readily apparent to those skilled in the art, and the general
principles defined herein may be applied to other embodi-
ments and applications without departing from the spirit and
scope of the present disclosure. Thus, the present disclosure
1s not limited to the embodiments shown, but to be accorded
the widest scope consistent with the claims.

[0048] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting. As used herein, the singular forms
“a,” “an,” and “the” may be intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprise,”
“comprises,” and/or “comprising,” “include,” “includes,”
and/or “including,” when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pre-
sence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0049] Generally, the word “module,” “unit,” or “block,”
as used herein, refers to logic embodied in hardware or firm-
ware, or to a collection of software instructions. A module, a
unit, or a block described herein may be implemented as
software and/or hardware and may be stored in any type of
non-transitory computer-readable medium or another sto-
rage device. In some embodiments, a software module/
unit/block may be compiled and linked into an executable
program. It will be appreciated that software modules can be
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callable from other modules/units/blocks or from them-
selves, and/or may be invoked in response to detected events
or interrupts. Software modules/units/blocks configured for
execution on computing devices may be provided on a com-
puter-readable medium, such as a compact disc, a digital
video disc, a flash drive, a magnetic disc, or any other tan-
gible medium, or as a digital download (and can be origin-
ally stored in a compressed or installable format that needs
installation, decompression, or decryption prior to execu-
tion). Such software code may be stored, partially or fully,
on a storage device of the executing computing device, for
execution by the computing device. Software instructions
may be embedded in firmware, such as an EPROM. It will
be further appreciated that hardware modules/units/blocks
may be included in connected logic components, such as
gates and flip-flops, and/or can be included of programma-
ble units, such as programmable gate arrays or processors.
The modules/units/blocks or computing device functionality
described herein may be implemented as software modules/
units/blocks, but may be represented in hardware or firm-
ware. In general, the modules/units/blocks described herein
refer to logical modules/units/blocks that may be combined
with other modules/units/blocks or divided into sub-mod-
ules/sub-units/sub-blocks despite their physical organiza-
tion or storage. The description may be applicable to a sys-
tem, an engine, or a portion thereof.

[0050] It will be understood that the terms “system,”
“device, “assembly,” “component,” etc., when used in this
disclosure, refer to one or more parts with one or more spe-
cific purposes. However, a structure that may perform a
same or similar function compared to a part exemplified
above or referred to elsewhere in the present disclosure
may be named differently from the present disclosure.
[0051] In the present disclosure, spatial reference terms
such as “center,” “longitudinal,” “transverse,” “length,”
“width,” “thickness,” “upper,” “lower,” “front,” “back,”
“left,” “right,” “vertical,” “horizontal,” “top,” “bottom,”
“inner,” “outer,” “clockwise,” “counterclockwise,” “axial,”
“radial,” “circumferential,” etc., indicate, in a relative sense,
an orientation or positional relationship between two or
more elements, assemblies, devices, or systems based on
an orientation or positional relationship as shown in the
drawings, and are only for the convenience and simplicity
of description, rather than indicating or implying that the
elements, assemblies, devices or systems in the present dis-
closure have a particular orientation when the disclosed sys-
tem, or a portion thereof, is in operation, or are constructed
and operated in a particular orientation, and therefore may
be not understood as a limitation of the present disclosure.
[0052] It will be understood that, although the terms
“first,” “second,” “third,” etc., may be used herein to
describe various elements, these elements should not be lim-
ited by these terms. These terms are only used to distinguish
one element from another. For example, a first element
could be termed a second element, and, similarly, a second
element could be termed a first element, without departing
from the scope of example embodiments of the present
invention.

[0053] In the present disclosure, unless otherwise clearly
specified and limited, the terms “mount,” “connect,” “cou-
ple,” “fix,” “locate,” “dispose,” etc., should be understood in
a broad sense, for example, it may be a fixed connection, a
detachable connection, integrated into a whole, a mechani-
cal connection, an electrical connection, directly connected,
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or indirectly connected via an intermediate medium, an
internal connection of two elements, or an interconnection
of two elements, unless otherwise clearly defined. For those
skilled in the art, the specific meanings of the above terms in
the present disclosure may be understood according to spe-
cific circumstances.

[0054] These and other features, and characteristics of the
present disclosure, as well as the methods of operation and
functions of the related elements of structure and the com-
bination of parts and economies of manufacture, may
become more apparent upon consideration of the following
description with reference to the accompanying drawings,
all of which form a part of this disclosure. It is to be
expressly understood, however, that the drawings are for
the purpose of illustration and description only and are not
intended to limit the scope of the present disclosure. It is
understood that the drawings are not to scale.

[0055] According to some embodiments of the present
disclosure, an arcing detection device may be provided.
The arcing detection device may include a detection coil
and a processing circuit operably connected to the detection
coil. The detection coil may be configured to detect a current
variation (e.g., a current ramp (also referred to as a current
variation rate) of a system. The processing circuit may be
configured to determine information of an arcing event of
the system based on the current variation (e.g., a current
ramp) of the system. For example, the information of the
arcing event of the system may include whether an arcing
event occurs in the system, a position where an arcing event
occurs in the system, whether an arcing event of the system
is a small arcing event or a big arcing event, or the like, or
any combination thereof.

[0056] In some embodiments, if the current variation (e.g.,
a current ramp) is higher than a first current variation thresh-
old, the arcing event may be determined to occur in the sys-
tem. If the current variation (e.g., a current ramp) is lower
than a second current variation threshold and higher than the
first current variation threshold, the arcing event in the sys-
tem may be determined to be a small arcing event. If the
current variation (e.g., a current ramp) is higher than the
second current variation threshold, the arcing event in the
system may be determined to be a big arcing event.

[0057] In an existing system, a current variation (e.g., a
current ramp) of the existing system may be first deter-
mined, and then an electric current of the existing system
may be determined by performing massive filtering opera-
tions (e.g., an integration operation) on the current variation
(e.g., a current ramp). Further, the detection of an arcing
event (e.g., the small arcing event, the big arcing event) by
the existing system may be based on the electric current,
which may be time-consuming. Conversely, the system
according to some embodiments of the present disclosure
may directly utilize the current variation (e.g., a current
ramp) to perform the arcing detection without performing
the integration operations, thereby expediting the arcing
detection process.

[0058] In some embodiments, if a small arcing event
occurs in the system, the system can function normally; if
a big arcing event occurs in the system, the system may be
damaged by the big arcing event, and need to be shut down.
Thus, by determining whether an arcing event is a small
arcing event or a big arcing event, the system may be appro-
priately operated in response to the arcing event, thereby not

Sep. 7, 2023

only improving the operation efficiency of the system but
also preventing damages to the system.

[0059] In some embodiments, the detection coil may
include a winding material (e.g., a winding wire, a winding
laying) and a framework configured to support the winding
material. A first portion of the winding material may be
wound along the framework by multiple turns, and a second
portion of the winding material may be wound on a central
region of the framework along a circumferential direction of
the framework (e.g., shown in FIGS. 2A, 2B, 4A; or 4B). In
an existing system, a coupling of an external magnetic field
with a detection coil of the existing system may occur,
which, in turn, may negatively affect an arcing detection.
In some embodiments, the external magnetic field may be
caused at least in part by an arcing event that occurs in the
existing system, which may generate an electromagnetic
interference signal. Additionally or alternatively, the elec-
tromagnetic interference signal may be caused due to a com-
plex external electromagnetic environment in which the
existing system, or the detector coil of the existing system,
is subjected to. The coupling indicates that the electromag-
netic interference signal is detected by the existing detection
coil, thereby causing the signal detected by the detection
coil to have noise, such as spikes, which in turn may reduce
the accuracy of the arcing detection performed on the basis
of the signal. For example, the electromagnetic interference
signal may cause the system to mistakenly determine that an
arcing event has occurred and mistakenly trigger an alarm in
response to the false arcing event. According to some embo-
diments of the present disclosure, by setting the second por-
tion of the winding material, such a coupling of an external
magnetic field (e.g., a magnetic field generated by an arcing
event of the system, a magnetic field in an environment
where the system, or the detection coil of the system, is
located) with the detection coil may be decoupled by the
existence of the second portion of the winding material,
accordingly, the accuracy of (a signal associated with) the
current variation (e.g., a current ramp) detected by the detec-
tion coil may be improved, which in turn may improve the
accuracy of the arcing detection.

[0060] In some embodiments, the processing circuit or the
detection coil may process the current variation (e.g., a cur-
rent ramp) of the system, and then determine the arcing
event based on the processed current variation. For example,
the processing circuit may process the current variation by
performing a noise reduction on a signal associated with the
current variation including reducing noise in the signal. In
some embodiments, the current variation and/or the pro-
cessed current variation may be insulated from external
interference by, e.g., setting the second portion of the wind-
ing material, increasing an area of the framework covered
by the winding material utilizing the winding laying, setting
a transformer in the processing circuit, accommodating the
detection coil in a casing that is electrically connected to
ground or earth, etc., thereby increasing an accuracy of the
current variation detection, reducing a computation burden
of the processing of the current variation, and further
increasing the speed of the arcing detection. Thus, an arcing
event of the system may be predicted in a timely fashion at
an early stage or at the beginning of the arcing event,
thereby avoiding a damage to the system by the occurrence
of an arcing event. Compared to the existing system in
which an arcing event is detected at a late stage of the arcing
event, the detection of an arcing event using an arcing detec-
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tion device according to some embodiments of the present
disclosure may be made at an early stage of the arcing event,
regardless of whether the descriptions are provided using a
present tense. For instance, the expression of “determination
of whether an arcing event occurs,” “determination of where
an arcing event occurs,” etc., does not suggest that the arc-
ing event is happening, unless otherwise stated. As used
herein, an early stage of an arcing event indicates that the
time that has lapsed since the onset of the arcing event is
shorter than a threshold, e.g., 30 seconds, 20 seconds, 10 sec-
onds, 5 seconds, etc., or that the promulgation of the effect
of the arcing event within the system is limited to a certain
degree without causing damages to the system yet. As used
herein, a late stage of an arcing event indicates that the time
that has lapsed since the onset of the arcing event exceeds a
threshold, e.g., 60 seconds, 50 seconds, 40 seconds, etc., or
that the promulgation of the effect of the arcing event is
beyond a certain portion of the system and may have caused
damages to the system.

[0061] In some embodiments, the arcing detection device
may be operably connected to the system through a high-
voltage connection assembly (including, e.g., a plug, a
socket, a flange). In some embodiments, at least a portion
(e.g., the detection coil) of the arcing detection device may
be integrated in the high-voltage connection assembly in
advance (in terms of time), e.g., while the high-voltage con-
nection assembly is manufactured, thereby simplifying the
assembly of the arcing detection device in the system.
[0062] In some embodiments, the system may include an
X-ray system. By arranging the detection coil in different
positions of the X-ray system, the position of the arcing
event in the X-ray system may be determined, which may
be more convenient and in advance (at an early stage of the
arcing event) than an existing X-ray system that needs to be
disassembled to determine a position of an arcing event
therein after the arcing event has already occurred. For
example, the X-ray system may include a high-voltage con-
nection assembly which is located at a wall (e.g., position ¢
in FIG. 8A) of a high-voltage tank of the X-ray system. The
high-voltage connection assembly may be configured to
operably connect at least a portion (e.g., the detection coil)
of the arcing detection device to the X-ray system. If an
arcing event is determined to occur in the X-ray system
based on the current variation (e.g., a current ramp) detected
by the detection coil, it may be further determined where the
arcing event occurs in the X-ray system, e.g., in the X-ray
tube or a high-voltage cable operably connecting the high-
voltage tank (e.g., the high-voltage connection assembly
thereof) to the X-ray tube.

[0063] FIGS. 1A and 1B provide different views illustrat-
ing an exemplary detection coil according to some embodi-
ments of the present disclosure. FIGS. 2A and 2B provide
different views illustrating an exemplary detection coil
according to some embodiments of the present disclosure.
FIGS. 3A and 3B provide different views illustrating an
exemplary detection coil according to some embodiments
of the present disclosure. FIGS. 4A and 4B provide different
views illustrating an exemplary detection coil according to
some embodiments of the present disclosure. FIG. § is a
schematic diagram illustrating an exemplary arcing detec-
tion device according to some embodiments of the present
disclosure. FIG. 6 is a schematic diagram illustrating an
exemplary connection between a high-voltage connection
assembly and a detection coil according to some embodi-
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ments of the present disclosure. FIG. 7 is a schematic dia-
gram illustrating an exemplary connection between a high-
voltage connection assembly and a detection coil according
to some embodiments of the present disclosure.

[0064] In some embodiments of the present disclosure, an
arcing detection device may be provided. The arcing detec-
tion device may be configured to detect information of an
arcing event of a system. For example, the information of
the arcing event may include whether an arcing event occurs
in the system, a position where an arcing event occurs in the
system, whether an arcing event in the system is a small
arcing event or a big arcing event, or the like, or any com-
bination thereof. In some embodiments, the system may be
applied in various scenarios involving a high-voltage power.
For example, the system may include an X-ray system, a
high-voltage dust removal system, a high-voltage dust mite
removal system, a high-voltage disinfection system, a high-
voltage water purification system, a high-voltage ozone pro-
cessing system, etc. As used herein, an arcing event may
refer to an abrupt electrical discharge that occurs when a
sufficiently high electric field creates an ionized, electrically
conductive channel through a normally-insulating medium,
e.g., electrically insulating oil, an insulating material, air.
[0065] In some embodiments, the arcing detection device
may include a detection coil and a processing circuit oper-
ably connected to the detection coil. The detection coil may
be configured to detect a current variation (e.g., a current
ramp) of the system. The processing circuit may be config-
ured to determine the information of the arcing event of the
system based on the current variation (e.g., a current ramp)
of the system. In some embodiments, the detection coil or
the processing circuit may process the current variation of
the system, and then determine information of the arcing
event based on the processed current variation. For example,
the detection coil or the processing circuit may process the
current variation by performing a noise reduction on a signal
associated with the current variation including reducing
noise in the signal. It should be noted the (processed) current
variation may be represented by and/or quantified in terms
of the (processed) signal (e.g., an electric signal) associated
with the (processed) current variation, a (processed) current
ramp, or a (processed) signal (e.g., an electric signal) asso-
ciated with the (processed) current ramp.

[0066] In some embodiments, the detection coil may
include a winding material (e.g., 110, 150, 310, or 330 in
FIGS. 1A-4B) and a framework (e.g., 120 or 320 in FIGS.
1A, 1B, 3A, or 3B) configured to support the winding mate-
rial. In some embodiments, the winding material may be
made of a metallic material, e.g., copper, silver, gold, alumi-
num, zinc, or the like, or an alloy thereof. The framework
may be made of an insulating material, e.g., epoxy plate,
ceramics, glass, polyimide, polycarbonate, rubber, or the
like, or any combination thereof, and insulated from the
detection coil. In some embodiments, a first portion (e.g.,
110 in FIGS. 1A-2B, 310 in FIGS. 3A-4B) of the winding
material may be wound by multiple turns, e.g., in a clock-
wise direction or a counterclockwise direction. For example,
the first portion of the winding material may be wound by
multiple turns along a radial direction of the frame.

[0067] In some embodiments, a cross-section of the fra-
mework may be of an annular shape, a rectangular shape,
a triangular shape, a pentagonal shape, a hexagonal shape,
a trapezoidal shape, or the like, or any combination thereof.
Taking the framework of the annular shape as an example,
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the framework may include an inner circle (e.g., 130 in FIG.
1A) and an outer circle (e.g., 140 in FIG. 1A). For each of
the multiple turns, the winding material may first be wound
on the outer circle and return to the outer circle through the
inner circle, e.g., along the radial direction. In some embo-
diments, the first portion of the winding material may be
evenly wound on the framework, thereby generating an
even electric field. In some embodiments, if a cross-section
of the framework has a shape other than the annular shape,
the first portion of the winding material may be wound on
the framework in a manner that an even electric field is gen-
erated. For example, a winding manner of the first portion of
the winding material may be designed theoretically and then
applied in the winding of a winding material on the frame-
work. In some embodiments, the shape of the framework
may be selected based on practical demands. In some embo-
diments, at least a portion (e.g., a high-voltage connection
assembly in FIG. 6 or FIG. 7) of the system may be located
in (e.g., a space defined by the inner circle thereof) the
detection coil, such that the current variation (e.g., a current
ramp) of the system may be detected by the detection coil.
The shape of the framework may be selected to match with
the at least a portion of the system.

[0068] In some embodiments, a second portion (e.g., 150
in FIG. 2A or FIG. 2B, 330 in FIG. 4A or FIG. 4B) of the
winding material may be wound, e.g., on a central region of
the framework, along a circumferential direction of the fra-
mework. The first portion and the second portion of the
winding material may be arranged such that a coupling of
a magnetic field (e.g., a magnetic field generated by an arc-
ing event) with the first portion of the winding material may
be decoupled by the second portion of the winding material;
accordingly, an accuracy of the current variation (e.g., a cur-
rent ramp) detected by the detection coil may be improved.
In some embodiments, the second portion of the winding
material may form an annulus (e.g., 150 in FIG. 2A or
FIG. 2B, 330 FIG. 4A or FIG. 4B) defined by an inner circle
(151 in FIG. 2A, 331 FIG. 4A or FIG. 4B) and an outer
circle (152 in FIG. 2A, 332 FIG. 4A or FIG. 4B). A thick-
ness (e.g., t in FIG. 4B) of the second portion (i.e., a differ-
ence between the radii of the inner circle and the outer circle
of the annulus) may be set according to practical demands.
In some embodiments, the larger the thickness is, the more
effectively the second portion of the winding material
decouples the coupling of the external magnetic field with
the first portion of the winding material. Thus, the thickness
may be set to be a relatively large value.

[0069] Taking the framework having a cross-section of an
annular shape as an example, “the central region of the fra-
mework” used herein refers to a region substantially mid-
way between the outer ring (140 in FIG. 1A) and the inner
ring (130 in FIG. 1A) of the framework; that is, in a cross-
sectional view, a centerline of the central region of the fra-
mework substantially coincides with a centerline of the fra-
mework. See, e.g., dotted circle 160 in FIG. 1B. “Substan-
tially” used herein indicates that the deviation (e.g., the
deviation of the centerline of the central region of the frame-
work from the centerline of the framework) is below a
threshold, e.g., 5%, 8%, 10%, etc. The centerline of the cen-
tral region of the framework, in a cross-sectional view, may
be the line from which the distance to the inner circle of the
central region along the radial direction of the central region
is the same as the distance to the outer circle of the central
region along the radial direction of the central region. The
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centerline of the framework, in a cross-sectional view, may
be the line from which the distance to the inner ring of the
framework along the radial direction of the framework is the
same as the distance to the outer ring of the framework
along the radial direction of the framework. It should be
noted that the above descriptions are for illustration pur-
poses and non-limiting. For example, the second portion of
the winding material may be wound on the central region of
the framework along the circumferential direction of the fra-
mework by multiple turns. As another example, the second
portion of the winding material may be wound, on a region
of the framework other than the central region of the frame-
work, along the circumferential direction of the framework.
[0070] In some embodiments, the first portion of the
detection coil may be wound by the multiple turns from a
first position (e.g., position a in FIG. 1A) of the framework
to a second position (e.g., position b in FIG. 1A) of the fra-
mework. The second portion of the winding material may be
wound, on the central region of the framework, from the
second position to the first position along the circumferen-
tial direction of the framework. In some embodiments, the
first position may be any position of the framework and the
second position may be the same as or different from the
first position. It should be noted the above descriptions
may be for illustration purposes and non-limiting. For exam-
ple, the first portion of the winding material may be first
wound on the framework, and then the second portion of
the winding material may be wound on the framework. As
another example, the second portion of the winding material
may be first wound, and then the first portion of the winding
material may be wound on the framework.

[0071] In some embodiments, as described above, at least
a portion of the system may be located in the space (e.g.,
dotted region 170 in FIG. 1B) defined by the inner circle
(e.g., 130 in FIG. 1A) of the detection coil, such that the
current variation (e.g., a current ramp) of the system may
be detected by the detection coil. Assuming that the winding
material is evenly distributed on the framework, if a depos-
ited area of the winding material is relatively large (e.g.,
larger than 70%, 80%, 90% of the surface area of the frame-
work), an accuracy of the current variation (e.g., a current
ramp) of the system detected by the detection coil may
remain substantially the same when the at least a portion
of the system is located anywhere (e.g., an edge portion
thereof, a central region) inside the space defined by the
inner circle of the detection coil. If a deposited area of the
winding material (e.g., lower than 30%, 40%, 50% of the
surface area of the framework) is relatively small, the at
least a portion of the system may need to be located in a
central region of the space defined by the inner circle of
the detection coil to ensure the accuracy of the current var-
iation (e.g., a current ramp) of the system detected by the
detection coil.

[0072] In some embodiments, the winding material may
include a winding wire (e.g., 110 shown in FIGS. 1A-2B),
a winding laying (e.g., 310 shown in FIGS. 3A-4B), etc.
Since an area of the framework covered by a turn of the
winding laying may be larger than an area of the framework
covered by a turn of the winding wire, to achieve a same or
similar surface area coverage on the framework, a first count
of the turns of the winding laying wound on the framework
may be configured smaller than a second count of the turns
of the winding wire; accordingly, a winding of the winding
laying may be simplifier than a winding of the winding wire.



US 2023/0280390 A1l

For example, the first count may be 80%-90% of the second
count. Besides, the smaller the count of the turns of the
winding material wound on the framework, the smaller the
error rate caused by the winding may be, and the more accu-
rate the winding may be. Thus, an accurate current variation
(e.g., a current ramp) may be more easily to be achieved by
utilizing the winding laying compared to the winding wire.
It should be noted that the above descriptions are for illus-
tration purposes and non-limiting. For example, the first
count or the second count may be set according to practical
demands.

[0073] In some embodiments, the detection coil may
include a Rogowski coil, also referred to as an air-core trans-
former or a magnetometer. The Rogowski coil may be an
air-core coil with a specific structure. The Rogowski coil
has been widely used as an induction coil of a current trans-
former or a sensor head of an electric current detection
device. The Rogowski coil may exhibit properties including,
e.g., a relatively high linearity between an output electric
current or an output current variation and an electric current
to be detected or a current variation to be detected, a rela-
tively wide dynamic range of electric current or current var-
iation measurement, having no core saturation, desirable
insulation of a signal outputted by the Rogowski coil from
external interference, a simple structure, a low insertion
loss, etc. A winding material of the Rogowski coil may be
evenly wound on the framework. The framework may have
a cross-section of an annular shape. The framework may be
insulated from the winding material. The Rogowski coil
may be wrapped around at least a portion of the system,
e.g., a conductor, (e.g., a high-voltage connection assembly
in FIG. 6 or FIG. 7) to detect a current variation (e.g., a
current ramp) or an electric current flowing through the con-
ductor. In some embodiments, a parameter indicating the
electric current or a parameter (e.g., a current ramp) indicat-
ing the current variation of the conductor may be determined
by detecting a magnetic flux through a hollow coil on a
closed loop around the conductor at leads (e.g., 111, 112 in
FIG. 1) of the Rogowski coil, or a change of the magnetic
flux, etc. When the electric current of the conductor flows
through the Rogowski coil, a voltage may be induced in the
Rogowski coil. The induced voltage may be determined
according to Equation (1) below:

di(t @
(1)1 20

where t represents a time point, v.,; (t) represents the
induced voltage at the time point t, M represents a mutual
inductance between the Rogowski coil and the conductor,
i(t) represents the electric current of the conductor at the
time point t, and %may represent the current variation
(e.g., the current ramp) of the conductor.

[0074] In some embodiments, the winding material, e.g.,
of the Rogowski coil, may be wound manually, by a winding
machine, etc. In some embodiments, the winding material of
the Rogowski coil may be integrated in a printed circuit
board (PCB), and the Rogowski coil accordingly may also
be referred to as a Rogowski coil based on PCB. For exam-
ple, the Rogowski coil based on PCB may include a planar
Rogowski coil (PRC) based on PCB and a combined
Rogowski coil (CRC) based on PCB. In some embodiments,
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the Rogowski coil based on PCB may be relatively light
and/or thin, and the winding material thereof may be
wound evenly. In addition, a symmetry of the Rogowski
based on PCB may be good and an accuracy of a signal
detected by the Rogowski based on PCB may be improved.
[0075] In some embodiments, the processing circuit (e.g.,
520 in FIG. 5) may include a transformer (e.g., 521 in FIG.
5), a comparison circuit (e.g., 522 in FIG. §), one or more
latches (e.g., a latch 525, a latch 526 in FIG. 5), a controller
(e.g., 527 in FIG. 5), etc. In some embodiments, a first end
of the transformer may be operably connected to the detec-
tion coil (e.g., 510 in FIG. 5), and a second end of the trans-
former may be operably connected to the comparison cir-
cuit. The transformer may be configured to insulate the
signal associated with the current variation from a magnetic
field and/or an electric field generated by the arcing event of
the system and transmit the signal to the comparison circuit,
such that an accuracy of the arcing detection based on the
insulated signal may be improved.

[0076] In some embodiments, the comparison circuit may
be configured to generate a comparison result by comparing
the current variation (e.g., a current ramp) of the system
with one or more current variation thresholds, and determine
the information of the arcing event of the system based on
the comparison result. In some embodiments, the compari-
son circuit may include one or more comparators (e.g., a
comparator 523, a comparator 524 in FIG. 5), each of
which may correspond to one of the one or more current
variation thresholds. The one or more current variation
thresholds may be different from each other. In some embo-
diments, each of the one or more comparators may be oper-
ably connected to one of the one or more latches.

[0077] In some embodiments, the detection coil may
transmit the current variation (e.g., a current ramp) to the
processing circuit (e.g., an input end thereof). The proces-
sing circuit may transmit the current variation to each of at
least one of the one or more comparators, respectively. The
comparison result generated by the one or more comparators
may be transmitted to the controller via the one or more
latches. The controller may be configured to determine the
information of the arcing event in the system based on the
comparison result.

[0078] In some embodiments, the one or more compara-
tors may include a first comparator (e.g., the comparator 523
in FIG. 5) of a first current variation threshold and a second
comparator (e.g., the comparator 524 in FIG. 5) of a second
current variation threshold. The first comparator and the sec-
ond comparator may be configured to compare the current
variation (e.g., a current ramp) with the first current varia-
tion threshold and the second current variation threshold,
respectively. The first current variation threshold may be
lower than the second current variation threshold. In
response to determining that the current variation is higher
than the first current variation threshold and lower than the
second current variation threshold, the comparison circuit
may determine that the small arcing event occurs in the sys-
tem. In response to determining that the current variation is
higher than the second current variation threshold, the com-
parison circuit may determine that the big arcing event
occurs in the system. In some embodiments, the second cur-
rent variation threshold may be designated as 100%. The
first current variation threshold may be within a range
from 0 to 50%. The second current variation threshold
may be within a range from 50% to 100%. It should be
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noted the above descriptions are for illustration purposes
and non-limiting. A count of the one or more comparators
may be more than two, for example, 3, 4, 5, etc., and set
according to practical demands. The more the count of the
one or more comparators, the more finely a strength level
(e.g., small, medium, big) of the arcing event may be deter-
mined. For example, the first current variation threshold
may be within a range from 0 to 20%, and a current variation
threshold corresponding to a medium arcing event may be
from 20% to 50%.

[0079] As described above, the current variation may be
represented by and/or quantified in terms of the signal (e.g.,
the electric signal) associated with the current variation, a
current ramp, or a signal associated with the current ramp.
Merely by way of example, the signal may represent the
magnitude of the current variation or the current ramp. The
comparing the current variation with the one or more current
variation thresholds may also be referred to a comparing an
intensity of the signal associated with the current variation
or the signal associated with the current ramp with one or
more signal intensities thresholds associated with the one or
more current variation thresholds.

[0080] In some embodiments, the arcing detection device
may include a casing (e.g., a casing 610 in FIG. 6) config-
ured to accommodate the detection coil and/or insulate the
detection coil from an external environment of the casing.
For example, the casing may be configured to insulate the
detection coil from the magnetic field or the electric field
generated by the arcing event of the system. In some embo-
diments, the casing may be electrically connected to ground
or earth. In some embodiments, the casing may be made of a
metallic material, for example, e.g., copper, silver, gold, alu-
minum, zine, or the like, or an alloy thereof. It should be
noted that the above descriptions are for illustration pur-
poses and non-limiting. In some embodiments, the proces-
sing circuit of the arcing detection device may also be
accommodated in the casing.

[0081] In some embodiments, the detection coil may be
operably connected to a high-voltage connection assembly
configured to operably connect the detection coil to the sys-
tem. The high-voltage connection assembly may include a
flange (e.g., 620 in FIG. 6), a plug (e.g., 630 in FIG. 6), a
socket (e.g., 640 in FIG. 6), etc. In some embodiments, the
plug may be located in the detection coil (e.g., 650 in FIG.
6). The plug may match with the socket. The socket may be
operably connected to the flange. The detection coil may be
operably connected to the system by inserting the plug into
the socket. For example, the plug may be inserted into the
socket, and the flange may be fixed on a wall of a high-vol-
tage tank of the X-ray system, such that the detection coil
may be fixed on the wall of the high-voltage tank of the X-
ray system.

[0082] In some embodiments, the detection coil may be
integrated in the plug (e.g., shown in FIG. 7), e.g., while
the high-voltage connection assembly is manufactured. For
example, the detection coil may be integrated at a surface of
the plug which operably connects to the flange. By directly
connecting the high-voltage connection assembly to the sys-
tem, the detection coil may be operably connected to the
system, thereby simplifying the assembly of the detection
coil and the system. In some embodiments, the Rogowski
coil based on PCB may be selected as the detection coil
since a size of the Rogowski coil based on PCB may be
relatively small. It is understood that when a component is
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referred to as being “integrated in” another component used
herein, it may be directly on, connected or coupled to, or
communicate with the another component, or an intervening
component may be present, unless the context clearly indi-
cates otherwise. It should be noted that the above descrip-
tions are for illustration purposes and non-limiting. In some
embodiments, the processing circuit of the arcing detection
device may also be integrated in the high-voltage connec-
tion assembly.

[0083] FIGS. 8A-8C are schematic diagrams illustrating
exemplary X-ray systems according to some embodiments
of the present disclosure.

[0084] In some embodiments, the system may include the
X-ray system. The X-ray system may include an inverter
(e.g., 810 in FIGS. 8A-8C), a high-voltage tank (e.g., 820
in FIGS. 8A-8C), a high-voltage cable (e.g., 830 in FIGS.
8A-8C), and an X-ray tube (e.g., 80 in FIGS. 8A-8C), e.g.,
operably connected in sequence (e.g., shown in FIGS. 8A,
8B, or 8C). In some embodiments, the X-ray tube may be
configured to emit an X-ray beam. The X-ray beam may be
generated by electrons of a relatively high speed impinging
on a metallic target. In some embodiments, a high-voltage
generator of the system may include the inverter and the
high-voltage tank. The high-voltage generator may be con-
figured to provide a high-voltage to the X-ray tube. In some
embodiments, the inverter may be operably connected to a
power supply (e.g., a battery, a mains supply) and config-
ured to transform a direct current (DC) signal (e.g., a DC
voltage) obtained from the power supply into an alternating
current (AC) signal (e.g., an AC voltage). The AC signal
may be transmitted to the high-voltage tank. Accordingly,
the high-voltage tank may be configured to generate the
high voltage. The high voltage may be applied to the X-
ray tube to provide power to the X-ray tube. The high-vol-
tage generator and the X-ray tube may be two independent
components and operably connected via the high-voltage
cable, providing the high voltage to the X-ray tube. In
some embodiments, the high-voltage tank may include a fil-
ter capacitor (e.g., 850 in FIGS. 8A, 8B, or 8C) and a first
high-voltage connection assembly (e.g., 860 in FIGS. 8A,
8B, or 8C). The filter capacitor may be configured to make
the high voltage outputted by the high-voltage tank remain
within a range, thereby avoiding a relatively large fluctua-
tion of the outputted voltage. The first high-voltage connec-
tion assembly may be configured to operably connect the
high-voltage tank to the high-voltage cable.

[0085] In some embodiments, the detection coil may be
located between the high-voltage tank and the X-ray tube.
For example, the detection coil may be located at a contact
surface where the first high-voltage connection assembly
(e.g., 860 in FIG. 8A) contact the high-voltage tank, a lead
(e.g., 851 in FIG. 8B) of the filter capacitor, a lead (e.g., 881
in FIG. 8B) of an arcing suppression unit (e.g., 880 in FIG.
8B or FIG. 8C) of the X-ray system, the high-voltage cable,
a second high-voltage connection assembly (e.g., 870 in
FIG. 8B or FIG. 8C) of the X-ray tube, or the like, or any
combination thereof. In some embodiments, the arcing
event suppression unit may be configured to absorb and dis-
charge at least a portion of the energy released in an arcing
event in the X-ray system. In some embodiments, the X-ray
system may include one or more detection coils, each of
which may be the same as or similar to the detection coil
(e.g., the detection coil in FIGS. 1A-4B) described above.
For example, the one or more detection coils may include a
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first detection coil operably connected to the first high-vol-
tage connection assembly (e.g., located at the contact sur-
face where the high-voltage connection assembly contact
the high-voltage tank), a second detection coil located at
the second high-voltage connection assembly of the X-ray
tube, a third detection coil located at the lead of the arcing
suppression unit, a fourth detection coil located at the lead
of the filter capacitor, etc. If an arcing event is determined to
occur in the system based on a current variation (e.g., a cur-
rent ramp) detected by a detection coil at a specific position,
a signal associated with the current variation detected by the
detection coil may also be referred to as an arcing signal.
[0086] In some embodiments, when an arcing event
occurs in the X-ray tube, energy generated in the arcing
event may be released through the high-voltage cable, or
through a wire of the X-ray tube operably connected to
ground or earth (842 in FIGS. 8A, 8B, or 8C). When an
arcing event occurs in the high-voltage tank, energy gener-
ated in the arcing event may be released not through the
high-voltage cable, but through, e.g., a wire of the high-vol-
tage tank operably connected to ground or earth (e.g., 822 in
FIG. 8A). In some embodiments, the X-ray system may only
include the first detection coil located at the contact surface
where the high-voltage connection assembly contact the
high-voltage tank. In some embodiments, if a signal asso-
ciated with a current variation (e.g., a current ramp) detected
by the first detection coil is an arcing signal, the arcing event
may be determined to occur in the X-ray tube or the high-
voltage cable. If the arcing event occurs in the high-voltage
cable, the arcing event may be observed by an operator of
the system. Therefore, whether the arcing event occurs in
the X-ray tube may be determined.

[0087] In some embodiments, the X-ray system may
include the first detection coil located at the contact surface
where the high-voltage connection assembly contact the
high-voltage tank and the second detection coil located at
the second high-voltage connection assembly of the X-ray
tube. Merely by way of example, if the signal associated
with the current variation detected by the first detection
coil is an arcing signal and a signal associated with the cur-
rent variation detected by the second detection coil is not an
arcing signal, the arcing event may be determined to occur
in the high-voltage cable.

[0088] In some embodiments, the X-ray system may
include only the second detection coil located at the second
high-voltage connection assembly of the X-ray tube. In
some embodiments, if the signal associated with the current
variation (e.g., a current ramp) detected by the second detec-
tion coil is an arcing signal, the arcing event may be deter-
mined to occur in the X-ray tube.

[0089] In some embodiments, the X-ray system may
include the first detection coil located at the contact surface
where the high-voltage connection assembly contact the
high-voltage tank and the third detection coil located at the
lead of the arcing suppression unit. In some embodiments, if
a signal associated with the current variation (e.g., a current
ramp) detected by the third detection coil is an arcing signal
and the signal associated with the current variation detected
by the first detection coil is not an arcing signal, the arcing
event may be determined to occur in the first high-voltage
assembly of the high-voltage tank.

[0090] In some embodiments, the X-ray system may
include the third detection coil located at the lead of the
arcing suppression unit and the fourth detection coil located
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at the lead of the filter capacitor. In some embodiments, if a
signal associated with the current variation (e.g., a current
ramp) detected by the fourth detection coil is an arcing sig-
nal and the signal associated with the current variation
detected by the third detection coil is not an arcing signal,
the arcing event may be determined to occur in the arcing
suppression unit.

[0091] In some embodiments, the X-ray system (e.g., the
high-voltage tank thereof) may include a current detection
unit (e.g., a resistance, an electric current detector) (e.g., 890
in FIG. 8C) operably connected to the filter capacitor. The
current detection unit may be configured to determine
whether the arcing event occurs in the first high-voltage con-
nection assembly of the high-voltage tank when the arcing
event occurs in the high-voltage tank. In practice, if an arc-
ing event occurs in the first high-voltage connection assem-
bly, at least a portion of energy generated in the arcing event
may be absorbed by the arcing suppression unit; if an arcing
event occurs elsewhere in the high-voltage tank, the arcing
suppression unit may fail to absorb at least a portion of
energy generated in the arcing event since the energy does
not flow through the arcing suppression unit. Accordingly, if
an electric current detected by the current detection unit is
larger than a first current threshold (e.g., an electric current
detected by the current detection unit when there is no arc-
ing event in the high-voltage tank) and smaller than a second
current threshold (e.g. a minimum electric current detected
by the current detection unit when there is an arcing event in
the high-voltage tank and the arcing suppression unit fails to
absorb at least a portion of energy generated in the arcing
event), the arcing event may be determined to occur in the
first high-voltage connection assembly of the high-voltage
tank. If the electric current is larger than the second current
threshold, the arcing event may be determined to occur else-
where in the high-voltage tank other than the first high-vol-
tage connection assembly of the high-voltage tank.

[0092] It should be noted that the above descriptions are
for illustration purposes and non-limiting. In some embodi-
ments, the processing circuit of the arcing detection device
may also be located between the high-voltage tank and the
X-ray tube together with the detection coil of the arcing
detection device.

[0093] FIG. 9 is a flowchart illustrating an exemplary arc-
ing detection process according to some embodiments of the
present disclosure. FIG. 10 is a curve illustrating an exemp-
lary change of electric currents over time according to some
embodiments of the present disclosure.

[0094] In 910, a signal associated with a first current var-
iation (e.g., a current ramp) of a system may be obtained.
For example, the system may include an X-ray system, a
high-voltage dust removal system, a high-voltage dust mite
removal system, a high-voltage disinfection system, a high-
voltage water purification system, a high-voltage ozone pro-
cessing system, etc. In some embodiments, a detection coil
of an arcing detection device operably connected to the sys-
tem may obtain the signal associated with the first current
variation.

[0095] In 920, a second current variation (also referred to
as a processed current variation) (e.g., a current ramp) of the
system may be determined based on the signal associated
with the first current variation. In some embodiments, the
second current variation may be determined by performing
anoise reduction operation on the signal associated with the
first current variation including reducing noise in the signal.
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In some embodiments, the detection coil or a processing
circuit of the arcing detection device may determine the sec-
ond current variation. More descriptions of the detection
coil, the arcing detection device, the processing circuit, the
system, the first current variation, and/or the second current
variation may be found elsewhere in the present disclosure,
for example, FIG. 1-8C or the descriptions thereof.

[0096] In 930, information an arcing event of the system
may be determined based on the second current variation
(e.g., a current ramp) of the system. For example, the infor-
mation of the arcing event may include whether an arcing
event occurs in the system, a position where an arcing event
occurs in the system, whether an arcing event in the system
is a small arcing event or a big arcing event, or the like, or
any combination thereof. In some embodiments, the infor-
mation of the arcing event of the system may be determined
by comparing the second current variation with one or more
current variations. For example, the one or more current var-
iation thresholds may include a first current variation thresh-
old and a second current variation threshold higher than the
first current variation threshold.

[0097] In some embodiments, in response to determining
that the second current variation is higher than the first cur-
rent variation threshold, the arcing event may be determined
to occur in the system. In some embodiments, in response to
determining that the second current variation is higher than
the first current variation threshold and lower than the sec-
ond current variation threshold, the small arcing event may
be determined to occur in the system. In some embodiments,
in response to determining that the current variation is
higher than the second current variation threshold, the big
arcing event may be determined to exist in the system. More
descriptions of the one or more current variation thresholds,
the first current variation threshold, or the second current
variation threshold may be found elsewhere in the present
disclosure, for example, FIGS. 1-7.

[0098] In some embodiments, the second current variation
may be represented by and/or quantified in terms of a second
signal (e.g., an electric signal) associated with the second
current variation, a second current ramp, or a second signal
associated with the second current ramp. Merely by way of
example, the second signal may represent the magnitude of
the second current variation or the second current ramp. The
comparing the second current variation with the one or more
current variation thresholds may also be referred to a com-
paring an intensity of the second signal associated with the
second current variation or the second signal associated with
the second current ramp with one or more signal intensities
thresholds associated with the one or more current variation
thresholds. More descriptions of the position of the arcing
event of the system may be found elsewhere in the present
disclosure, for example, FIGS. 8A-8C or the descriptions
thereof.

[0099] During a specific arcing event in a specific system,
an electric current of the specific system may increase con-
tinuously and then reach a stable value. A current variation
(e.g., a current ramp) of an existing system may be first
determined, and then an electric current of the existing sys-
tem may be determined by performing massive filtering
operations (e.g., an integration operation) on the current var-
iation. Further, whether an arcing event occurs in the exist-
ing system, whether an arcing event of the existing system is
the small arcing event or the big arcing event, etc., may be
determined based on the electric current, which may be
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time-consuming. The existing system may also need time
to respond to the arcing event (e.g., inform an operator of
the existing system of the arcing event, shut down the sys-
tem), during which the electric current may increase to a
much higher value (e.g., the stable value), causing damage
to the existing system.

[0100] Some embodiments of the present disclosure may
directly utilize the current variation (e.g., a current ramp) to
perform the arcing detection without performing the integra-
tion operation, which may be quicker compared to the exist-
ing system utilizing the electric current. The current varia-
tion may indicate a change of an electric current of the
system. The arcing event of the system can be detected
when the electric current of the system is relatively low
(e.g., lower than the stable value) (e.g., at an early stage of
an arcing event), increasing the speed of the arcing detection
compared to detecting the arcing event utilizing the electric
current and further improving the security of the system. For
example, as shown in FIG. 10, an arcing event in the exist-
ing system is detected when an electric current of the exist-
ing system is b at a time point t;, and an arcing event in the
system is detected when an electric current of the system is a
lower than b at a time point t, earlier than the time point t;.
[0101] It should be noted that the above description is
merely provided for the purposes of illustration, and not
intended to limit the scope of the present disclosure. For
persons having ordinary skills in the art, multiple variations
and modifications may be made under the teachings of the
present disclosure. However, those variations and modifica-
tions do not depart from the scope of the present disclosure.
For example, the order in the operations of the process 900
as illustrated in FIG. 9 is not intended to be limiting, and the
operations may be implemented in a different order.

[0102] It should be noted that the above descriptions are
for illustration purposes and non-limiting. In some embodi-
ments, an electric current of a system may be detected by a
detection coil (the detection coil in FIGS. 1-10), and then
information of an arcing event of the system may be deter-
mined based on the electric current of the system. For exam-
ple, the information of the arcing event may include whether
an arcing event occurs in the system, a position where an
arcing event occurs in the system, whether an arcing event
in the system is a small arcing event or a big arcing event, or
the like, or any combination thereof.

[0103] In some embodiments, an arcing detection process
(e.g., the process 900) may be executed in a computing
device including a set of computer-executable instructions.
FIG. 11 is a schematic diagram illustrating exemplary hard-
ware of an exemplary computing device according to some
embodiment of the present disclosure.

[0104] In some embodiments, the computing device 1100
may include a processor 1120 and a storage 1130. The sto-
rage 1130 may be configured to store or cache various data
files that need to be processed and/or used for communica-
tion, computer program instructions executed by the proces-
sor 1120, etc. The processor 1120 may be configured to read
and execute the computer program instructions stored in the
storage 1130 to implement the arcing detection process
described above.

[0105] For example, the processor 1120 may include a
central processing unit (CPU), a specific integrated circuit
(e.g., an application-specific integrated circuit (ASIC)), or
one or more integrated circuits capable of implementing
the embodiments of the present disclosure. In some embodi-
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ments, the storage 1130 may include a mass storage for data
or instructions. Merely by way of example, the storage 1130
may include a hard disk drive (HDD), a floppy disk drive, a
solid-state drive (SSD), a flash memory, an optical disk, a
magneto-optical disk, a magnetic tape, a universal serial bus
(USB) drive, or the like, or any combination thereof. In
some embodiments, the storage 1130 may include a remo-
vable or non-removable (or fixed) storage. In some embodi-
ments, the storage 1130 may be internal or external to a data
processing device. For example, the storage 1130 may
include a non-volatile memory. As another example, the sto-
rage 1130 may include a read-only memory (ROM), a ran-
dom access memory (RAM), etc. Exemplary ROM may
include a mask ROM, a programmable ROM (PROM), an
erasable programmable ROM (EPROM), an electrically era-
sable programmable ROM (EEPROM), an electrically alter-
able ROM (EAROM), a flash memory, or the like, or any
combination thereof. In some embodiments, the RAM may
include a static random-access memory (SRAM), a dynamic
random access memory (DRAM), etc. Exemplary DRAM
may include a fast page mode DRAM (FPM DRAM), an
extended data out DRAM (e.g., EDO DRAM), a synchro-
nous DRAM (e.g., SDRAM), or the like, or any combina-
tion thereof.

[0106] In some embodiments, the computing device 1100
may also include a communication interface 1140 and a bus
1110. As shown in FIG. 11, the processor 1120, the storage
1130, and the communication interface 1140 may be con-
nected and communicated through the bus 1110.

[0107] The communication interface 1140 may be config-
ured to implement communication between various mod-
ules, devices, units, and/or devices in the embodiments of
the present disclosure. The communication interface 1140
may also be configured to implement data communication
with other components such as an external device (e.g., an
external storage), a database, etc.

[0108] The bus 1110 may include hardware or software
and configured to couple the components of the computing
device 1100. In some embodiments, the bus 1110 may
include a data bus, an address bus, a control bus, an expan-
sion bus, a local bus, etc. For example, the bus 1110 may
include an accelerated graphics port (AGP) or other gra-
phics buses, an enhanced industry standard architecture
(EISA) bus, a front-side bus (FSB), a hyper transport (HT)
interconnection, an industry-standard architecture (ISA)
bus, a wireless bandwidth interconnection, a low pin count
(LPC) bus, a memory bus, a micro channel architecture
(MCA) bus, a peripheral component interconnect (PCI)
bus, a PCl-express (PCI-X) bus, a serial advanced technol-
ogy attachment (SATA) bus, a video electronics standards
association local bus (VLB) bus, or other suitable buses, or
any combination thereof. In some embodiments, the bus
1110 may include one or more buses. Although the embodi-
ments of the present disclosure describe and show a specific
bus, any suitable bus or interconnection may be suitable for
the present disclosure.

[0109] In some embodiments of the present disclosure, a
computer-readable storage medium configured to imple-
ment the arcing detection process may be provided. The
computer-readable storage medium may store computer
program instructions. When the computer program instruc-
tions are executed by a processor (e.g., the processor 1120),
the arcing detection process may be performed.
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[0110] Having thus described the basic concepts, it may be
rather apparent to those skilled in the art after reading this
detailed disclosure that the foregoing detailed disclosure is
intended to be presented by way of example only and is not
limiting. Various alterations, improvements, and modifica-
tions may occur and are intended to those skilled in the art,
though not expressly stated herein. These alterations,
improvements, and modifications are intended to be sug-
gested by this disclosure, and are within the spirit and
scope of the exemplary embodiments of this disclosure.
[0111] Moreover, certain terminology has been used to
describe embodiments of the present disclosure. For exam-
ple, the terms “one embodiment,” “an embodiment,” and/or
“some embodiments” mean that a particular feature, struc-
ture or characteristic described in connection with the embo-
diment is included in at least one embodiment of the present
disclosure. Therefore, it is emphasized and should be appre-
ciated that two or more references to “an embodiment” or
“one embodiment” or “an alternative embodiment” in var-
ious portions of this specification are not necessarily all
referring to the same embodiment. Furthermore, the particu-
lar features, structures or characteristics may be combined
as suitable in one or more embodiments of the present
disclosure.

[0112] Further, it will be appreciated by one skilled in the
art, aspects of the present disclosure may be illustrated and
described herein in any of a number of patentable classes or
context including any new and useful process, machine,
manufacture, or composition of matter, or any new and use-
ful improvement thereof. Accordingly, aspects of the pre-
sent disclosure may be implemented entirely hardware,
entirely software (including firmware, resident software,
micro-code, etc.) or combining software and hardware
implementation that may all generally be referred to herein
as a “unit,” “module,” or “system.” Furthermore, aspects of
the present disclosure may take the form of a computer pro-
gram product embodied in one or more computer readable
media having computer readable program code embodied
thereon.

[0113] A computer readable signal medium may include a
propagated data signal with computer readable program
code embodied therein, for example, in baseband or as part
of a carrier wave. Such a propagated signal may take any of
a variety of forms, including electro-magnetic, optical, or
the like, or any suitable combination thereof. A computer
readable signal medium may be any computer readable
medium that is not a computer readable storage medium
and that may communicate, propagate, or transport a pro-
gram for use by or in connection with an instruction execu-
tion system, apparatus, or device. Program code embodied
on a computer readable signal medium may be transmitted
using any appropriate medium, including wireless, wireline,
optical fiber cable, RF, or the like, or any suitable combina-
tion of the foregoing.

[0114] Computer program code for carrying out opera-
tions for aspects of the present disclosure may be written
in any combination of one or more programming languages,
including an object oriented programming language such as
Java, Scala, Smalltalk, Eiffel, JADE, Emerald, C++, C#,
VB. NET, Python or the like, conventional procedural pro-
gramming languages, such as the “C” programming lan-
guage, Visual Basic, Fortran 2103, Perl, COBOL 2102,
PHP, ABAP, dynamic programming languages such as
Python, Ruby and Groovy, or other programming lan-
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guages. The program code may execute entirely on the
user’s computer, partly on the user’s computer, as a stand-
alone software package, partly on the user’s computer and
partly on a remote computer or entirely on the remote com-
puter or server. In the latter scenario, the remote computer
may be connected to the user’s computer through any type
of network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider) or in a cloud computing envir-
onment or offered as a service such as a Software as a Ser-
vice (SaaS).

[0115] Furthermore, the recited order of processing ele-
ments or sequences, or the use of numbers, letters, or other
designations therefore, is not intended to limit the claimed
processes and methods to any order except as may be spe-
cified in the claims. Although the above disclosure discusses
through various examples what is currently considered to be
a variety of useful embodiments of the disclosure, it is to be
understood that such detail is solely for that purpose, and
that the appended claims are not limited to the disclosed
embodiments, but, on the contrary, are intended to cover
modifications and equivalent arrangements that are within
the spirit and scope of the disclosed embodiments. For
example, although the implementation of various compo-
nents described above may be embodied in a hardware
device, it may also be implemented as a software only solu-
tion, for example, an installation on an existing server or
mobile device.

[0116] Similarly, it should be appreciated that in the fore-
going description of embodiments of the present disclosure,
various features are sometimes grouped together in a single
embodiment, figure, or description thereof for the purpose
of streamlining the disclosure aiding in the understanding of
one or more of the various inventive embodiments. This
method of disclosure, however, is not to be interpreted as
reflecting an intention that the claimed object matter
requires more features than are expressly recited in each
claim. Rather, inventive embodiments lie in less than all
features of a single foregoing disclosed embodiment.
[0117] In some embodiments, the numbers expressing
quantities or properties used to describe and claim certain
embodiments of the application are to be understood as
being modified in some instances by the term “about,”
“approximate,” or “substantially.” For example, “about,”
“approximate,” or “substantially” may indicate £1%, +5%,
+10%, or £20% variation of the value it describes, unless
otherwise stated. Accordingly, in some embodiments, the
numerical parameters set forth in the written description
and attached claims are approximations that may vary
depending upon the desired properties sought to be obtained
by a particular embodiment. In some embodiments, the
numerical parameters should be construed in light of the
number of reported significant digits and by applying ordin-
ary rounding techniques. Notwithstanding that the numeri-
cal ranges and parameters setting forth the broad scope of
some embodiments of the application are approximations,
the numerical values set forth in the specific examples are
reported as precisely as practicable.

[0118] Each of the patents, patent applications, publica-
tions of patent applications, and other material, such as arti-
cles, books, specifications, publications, documents, things,
and/or the like, referenced herein is hereby incorporated
herein by this reference in its entirety for all purposes,
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excepting any prosecution file history associated with
same, any of same that is inconsistent with or in conflict
with the present document, or any of same that may have a
limiting effect as to the broadest scope of the claims now or
later associated with the present document. By way of
example, should there be any inconsistency or conflict
between the description, definition, and/or the use of a
term associated with any of the incorporated material and
that associated with the present document, the description,
definition, and/or the use of the term in the present docu-
ment shall prevail.

[0119] In closing, it is to be understood that the embodi-
ments of the application disclosed herein are illustrative of
the principles of the embodiments of the application. Other
modifications that may be employed may be within the
scope of the application. Thus, by way of example, but not
of limitation, alternative configurations of the embodiments
of the application may be utilized in accordance with the
teachings herein. Accordingly, embodiments of the present
application are not limited to that precisely as shown and
described.

What is claimed is:

1. An arcing detection device, comprising:

a detection coil configured to detect a current variation of a

system; and

a processing circuit operably connected to the detection

coil, wherein the processing circuit is configured to
determine information of an arcing event of the system
based on the current variation of the system, the informa-
tion of the arcing event of the system comprising a posi-
tion where the arcing event occurs in the system.

2. The arcing detection device of claim 1, wherein the infor-
mation of the arcing event further includes whether the arcing
event of the system is a small arcing event or a big arcing
event.

3. The arcing detection device of claim 1, wherein the
detection coil includes a winding material and a framework
configured to support the winding material.

4. Thearcing detection device of claim 3, wherein the wind-
ing material includes a winding wire or a winding laying.

5. The arcing detection device of claim 3, wherein the wind-
ing material is wound, by multiple turns, from a first position
of the framework to a second position of the framework.

6. The arcing detection device of claim 3, wherein the wind-
ing material is further wound, on a central region of the frame-
work, from the second position to the first position along a
circumferential direction of the framework.

7. The arcing detection device of claim 1, wherein the
detection coil includes a Rogowski coil.

8. The arcing detection device of claim 7, wherein the
Rogowski coil is integrated in a printed circuit board (PCB).

9. The arcing detection device of claim 2, wherein the pro-
cessing circuit includes a comparison circuit configured to:

generate a comparison result by comparing the current var-

iation of the system with one or more current variation
thresholds; and

determine the information of the arcing event of the system

based on the comparison result.

10. The arcing detection device of claim 9, wherein

the comparison circuit includes a first comparator of a first

current variation threshold and a second comparator of a
second current variation threshold;
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the first comparator and the second comparator are config-
ured to compare the current variation with the first cur-
rent variation threshold and the second current variation
threshold, respectively, the first current variation thresh-
old being lower than the second current variation
threshold;

in response to determining that the current variation is
higher than the first current variation threshold and
lower than the second current variation threshold, the
comparison circuit determines that the small arcing
event occurs in the system; and

in response to determining that the current variation is
higher than the second current variation threshold, the
comparison circuit determines that the big arcing event
occurs in the system.

11. The arcing detection device of claim 9, wherein

the processing circuit includes a transformer, a first end of
which is operably connected to the detection coil, and a
second end of which is operably connected to the com-
parison circuit; and

the transformer is configured to insulate a signal associated
with the current variation from a magnetic field gener-
ated by the arcing event of the system and transmit the
signal to the comparison circuit.

12. The arcing detection device of claim 1, further compris-

ing a casing configured to accommodate the detection coil.

13. The arcing detection device of claim 1, wherein

the detection coil is operably connected to a high-voltage
connection assembly configured to operably connect the
detection coil to the system; and

the high-voltage connection assembly includes at least one
ofaplug, a socket, or a flange.

14. The arcing detection device of claim 13, wherein

the plug is operably connected to the flange;

the plug matches with the socket; and

the plug is located in the detection coil.

15. The arcing detection device of claim 13, wherein the

detection coil is integrated in the plug.

16. The arcing detection device of claim 1, wherein

the system includes an X-ray system comprising:
an X-ray tube configured to emit an X-ray beam;
a high-voltage tank configured to generate a high vol-

tage, the high voltage being applied to the X-ray tube
to provide power to the X-ray tube; and
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the detection coil is located between the high-voltage
tank and the X-ray tube.

17. The arcing detection device of claim 16, wherein

the high-voltage tank comprising a high-voltage connec-
tion assembly configured to operably connecting the
detection coil to the X-ray system; and

in response to determining that the arcing event occurs in
the system based on the current variation detected by the
detection coil, the arcing event is determined to occur in
the X-ray tube or a high-voltage cable operably connect-
ing the high-voltage tank and the X-ray tube.

18. The arcing detection device of claim 16, wherein

the X-ray tube includes a high-voltage connection assem-
bly configured to operably connecting the detection coil
to the X-ray system; and

in response to determining that the arcing event occurs in
the system based on the current variation detected by the
detection coil, the arcing event is determined to occur in
the X-ray tube.

19. The arcing detection device of claim 16, wherein

the detection coil includes a first detection coil located at a
high-voltage connection assembly of the high-voltage
tank and a second detection coil located at a high-voltage
connection assembly of the X-ray tube; and

in response to determining that the arcing event occurs in
the system based on a current variation detected by the
first detection coil and no arcing event occurs in the sys-
tem based on a current variation detected by the second
detection coil, the arcing event is determined to occurina
high-voltage cable that operably connects the high-vol-
tage tank and the X-ray tube.

20. The arcing detection device of claim 16, wherein

the detection coil includes a first detection coil located at a
high-voltage connection assembly of the high-voltage
tank and a second detection coil located at lead of an arc-
ing suppression unit of the high-voltage tank; and

in response to determining that the arcing event occurs in
the system based on a current variation detected by the
second detection coil and no arcing event occurs in the
system based on a current variation detected by the first
detection coil, the arcing event is determined to occur in
the high-voltage connection assembly of the high-vol-
tage tank.
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