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ABSTRACT

Multi-parameter live detection and fusion diagnosis of medium and lower voltage switch-gear cabinet (M-LVSC) is an
important technology for identification the operating status of power equipment. Under the operating conditions, a single
sensor(UHF, thermal infrared,ultrasonic partial discharge detection) in the distribution equipment cannot judge the
complex faults. The objective of this research is to develop fusion diagnosis and techniques for detect the state of 10kV
and 400V distribution equipment in the switch-gear and its bus, identifying any abnormal conditions, by the infrared
camera method and UHF partial discharge detection. The condition data of the equipment from these sensors is
collected and analyzed to from the operating conditions by intelligent monitoring data technology for power distribution
equipment.Under the background of big data cloud platform, overheat defects and discharge defects were captured
and deeply analysis by UHF and infrared camera method. Fusion diagnosis provides an intelligent decision scheme for
power distribution equipment fault diagnosis under operating conditions. The fusion recognition by comprehensive
detect for a M-LVSC contactors power line and terminal board were verified in power distribution site.

[. INTRODUCTION

For new power system, green and smart medium and
lower voltage switchgear cabinet (M-LVSC) is an
important public infrastructure for national economic and
social development[1-2]. Users' requirements for power
supply quality and reliability are also getting higher and
higher. Intelligent monitoring of power M-LVSC involves
the use of advanced technologies and tools to monitor
and analyze the performance and condition of power
distribution systems in real-time[3]. The goal of intelligent
monitoring is to ensure the efficient,reliable,and safe
operation of the power distribution system by identifying
potential problems and taking corrective actions before
they cause power outages or other disruptions [4]. The
rapid development of intelligent technology has also
promoted the construction of new power systems.

The condition monitoring of medium and lower voltage
switchgear cabinet (M-LVSC) is the key intelligent
technology to grasp the state of M-LVSC and support
active emergency repair, including Infrared and visible
image[5].With the development of national smart grid
technology, live detection technology has emerged,
which can detect the insulation state under the premise
of continuous power supply. According to the production
needs, the detection is carried out twice a year, but it will
consume a lot of manpower and material resources, and
the timeliness is still poor.

In recent years, the on-line monitoring technology of
power equipment has gradually emerged[6-7]. This
method can monitor the partial discharge of the
monitored equipment by adding an on-line monitoring
partial discharge sensor, and can timely grasp the basic
situation and insulation performance of the equipment in
operation[8-9]. However, the traditional station
monitoring system still has the following problems in the
actual work.

The gateway equipment and sensing equipment are

fixed installation, and the investment cost is large. The
benefits of intelligent monitoring of power distribution
systems include increased reliability, improved safety,
reduced downtime, and lower maintenance costs[10]. By
providing realtime data and insights into the
performance and condition of power distribution
equipment, intelligent monitoring enables operators to
identify potential problems and take corrective actions
before they result in power outages or other disruptions.

II. M-LVSC intelligent sensing method

The sensors of collected M-LVSC operation
condition information includes partial discharge
ultrasonic sensor, partial discharge UHF sensor,infrared
camera, wireless temperature sensor. Three types of
ultra-high frequency partial discharge sensor is diplayed
in figure 1, including the three-in-one partial discharge
sensor, UHF partial discharge sensor and space ultra-
high frequency partial discharge sensor. They will
monitor the operating condition of M-LVSC all-round by
UHF partial discharge. The flexible installation UHF
sensors is shown in figurel(a),(b),(c). The infrared
camera is demonstrated in figure2, which can inspect
the local overheating defects in the outside of M-LVSC,
such as contacts. As typical deployment mode UHF
sensors, the typical deployment mode of detection
sensors in substation station is shown in figure3, which
installed in the distribution box shell and roof inside
substation.The UHF sensor is connected to the power
edge control tool through wireless communication
methods, and all adopt fast magnetic adsorption
installation methods.
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Fig3 Typical deployment mode of station building

As presented in table 1, installation type of Three-
in-one partial discharge sensor intelligent sensors in M-
LVSC equipment mainly adopted magnet magnetic type
installation way between the front and middle or front and
bottom of the incoming switch cabinet. Other intelligent
sensors are similar as UHF partial discharge sensor,
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space ultra-high frequency sensor,electric power edge
control device.

Tablel Installation of M-LVSC intelligent sensors
Num Installati

Sensor type Installation site

ber on way
. Installed in the gap
-cl;rr:;ee-lr:a-rtial magneti  P€tween the front and
1 p 2 9 middle or front and bottom
discharge c type . . .
sensor of the incoming switch
S cabinet.
UHE partial Installed in the observation
. p magneti  window of the front cabinet
2 discharge 2 d £ othe i )
sensor c type oor of the incoming
switch cabinet.
ﬁipert]ce ultra- The top Installed in the corner of
3 frgquency 1 of the the ceiling facing the
_ sensor wall switch cabinet
Electric Placed in the terminal
ower edge The top power supply box, the
4 Eontrol 1 of the terminal power supply box
device wall is fixed on the wall or

placed safely.

I1l. Intelligent fusion diagnosis technology of
power M-LVSC equipment

A. Characteristics of discharge defects in

switch-gear cabinet
The UHF signal of partial discharge in switch-gear
cabinet were real-time monitoring by power distribution
network big data cloud platform monitoring system.As
presented in the figure 4, the UHF signal of one partial
discharge defects in switch-gear cabinet were real-time
monitoring,including partial discharge UHF PRPS
spectrogram, partial discharge UHF 3D spectrogram,
partial discharge UHF PRPD spectrogram.
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(b) Partial discharge UHF 3D spectrogram
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(c) Partial discharge UHF PRPD spectrogram
Figd UHF characteristics of discharge defects in
switch-gear cabinet
B. Characteristics of overheat defects in switch-
gear cabinet

In recent years, with the continuous development of
smart grid power equipment condition monitoring,
infrared imaging technology has played an indispensable
role in the fields of M-LVSC equipment overheat fault
diagnosis and temperature monitoring, which makes the
application of infrared imaging technology of great
significance. The infrared thermal imager has been
widely used in substations. Figure 5 shows the infrared
thermal imager and the infrared image of the typical M-
LVSC contactor.

Fig 5 Box conversion 400 V low voltage cabinet bus

Based on live monitoring of distribution equipment
by transient ground voltage partial discharge detection,
ultrasonic partial discharge detection, UHF partial
discharge detection and infrared thermal imaging
detection, the multi-parameter identification and analysis
technology to electrical power equipment condition to
identify potential faults and anomalies. In the power M-
LVSC, such as switchgear and transformers, multi-
parameter identification and analysis can be used to
detect and diagnose a wide range of issues, including
insulation degradation, arcing, and overheating. Some of
the parameters that can be monitored using multi-
parameter identification and analysis technology include:
temperature, vibration, current, voltage, partial discharge
and others. For example, the multiple feature value of
UHF, AE and ultrasonic sensors for the partial discharge
monitoring can be sampled, uploaded, analyzed and
displayed for evaluation the insulation condition of power
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equipment. As a result, by collecting data from multiple
sensors and parameters and analyzing this data using
machine learning and other advanced algorithms, it is
possible to identify patterns and correlations that can
indicate potential faults and anomalies in medium voltage
power equipment.

This can help to enable proactive maintenance and
reduce the risk of equipment failure and downtime. Multi-
parameter identification and analysis technology is a
powerful tool for electrical power equipment condition
monitoring, enabling the detection and diagnosis of a
wide range of issues and helping to ensure the safe and
reliable operation of medium voltage power equipment.

1) Comprehensive detection and fusion diagnosis
for contactor power line

For example, transient ground voltage partial
discharge detection, ultrasonic partial discharge
detection and infrared thermal imaging detection are
used to diagnose the condition of 10 kV switch cabinet
and 10 kV distribution transformer. No abnormality is
found in transient ground voltage partial discharge
detection, and no abnormality is found in ultrasonic partial
discharge detection. Infrared thermal image detection
was used to find abnormalities in the equipment.

As shown in figue6, the infrared imaging of
contactors are extracted edge feature by laplacian
algorithm. As shown in figue7, the infrared imaging of
contactors are extracted gray feature by algorithm.The
temperature of the lower port of the power line of the 9 C
contactor in the distribution room is abnormal. The
maximum temperature of the B phase is 75 °C, and the
normal temperature of the C phase is 53.2 °C. The
temperature of the upper port of the power line of the 4 C
contactor in the power distribution room is abnormal. The
maximum temperature of the A phase is 233 °C, and the
normal temperature of the C phase is 79.9 °C.

(d) 9C-C laplacian edge detection
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(e) 3C-A contactor infrared image (f) 3C-1 laplacian edge detection

(g) 4C-C contactor infrared image (h) 4C-C laplacian edge detection
Fig 6 the infrared imaging edge feature for contactor
power line
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(g) 4C-C contactor infrared image  (h) 4C-C grayscale

Fig 7 the infrared imaging grayscale feature for
contactor power line

The temperature characteristics of the infrared
image of the distribution equipment are extracted, and
the experiment is carried out with the distribution
equipment, and good results are obtained. The maximum
temperature, the minimum temperature, the maximum
temperature rise and the average temperature are
determined to form the diagnostic characteristic quantity
of the fault state of the distribution equipment.

The temperature of phase B at the lower port of the
power supply line of the 9 C contactor in the distribution
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room is abnormal, and the temperature of phase A at the
upper port of the power supply line of the 4 C contactor
is abnormal. The temperature difference between
phases exceeds 15 K, and the hot spot temperature is
greater than 130 ° C, which is a critical defect. Inspection
is recommended.

Both the feature of UHF and ultrasonic partial
discharge detection (AE) for this contactors are normal
and negative feature result, while the two locations
infrared image feature in contactors such as 9C-B and
3C-A are abnormal as shown in figure 7. The infrared
imaging feature are extracted by grayscale and laplacian
edge detection.

As shown in figure 8, the comprehensive detection
and fusion diagnosis method is integrated the extraction
features TEV, AE and infrared image. It is effective
method to discover the over-heat defects in power
distribution equipment. The infrared thermal imaging
detection are positive used to diagnose the condition of
contactor power line. The detection both transient ground
voltage partial discharge detection and ultrasonic partial
discharge detection were negative and normal feature.
By the fusion recognition diagnosis model, the output
result of 9C-B and 3C-A contactor power line are positive
and over-heated defect.
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Fig8 Comprehensive detection and fusion diagnosis of
M-LVSC

2) Comprehensive detection and fusion diagnosis
for terminal board

As shown in figure9, the infrared imaging of the 380V
terminal board are extracted edge feature by laplacian
algorithm. As shown in figurel0, the infrared imaging of
terminal board are extracted gray feature by algorithm.
The temperature of the secondary terminal row of the
low-voltage cabinet is abnormal. The maximum
temperature of the 1 terminal is 59.7 °C, as shown in
figure 10(c),9(d). And the temperature of the 2 terminal is
25.3 °C, presented in figure 10(a),(b). Both the feature of
transient ground voltage partial discharge detection(TEV)
and ultrasonic partial discharge detection (AE) for this
contactors are normal and negative feature result. Based
on the comprehensive detection and fusion diagnosis
method, the low-voltage cabinet 1 terminal board is
abnormal .The temperature difference between phases
exceeds 15 K, and the hot spot temperature does not
reach 90 ° C, which is a general defect.
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Fig 10 Infrared imaging grayscale feature for terminal
board

The feature quantity of the operating state of the
distribution equipment is constructed by infrared
spectrum feature extraction, TEV and AE features, and
the diagnosis result is output by data fusion algorithm.

IV. Conclusion

The health status assessment technology of M-
LVSC equipment is a technology that makes use of
sensors, monitoring systems, data analysis and artificial
intelligence to monitor, diagnose and forecast the running
status of M-LVSC equipment in real time. Under
operating conditions, the signal of a single sensor(UHF,
AE, thermal infrared, etc) in the distribution equipment
cannot judge the complex faults, and it is difficult to reflect
all the faults.

5

This paper provide a real-time monitoring system for
power distribution equipment to detect overheat detects
and partial discharge defects.The condition of distribution
equipment could be collected and analyzed from
intelligent UHF and infrared camera monitoring
technology.Under the background of big data cloud
platform, overheat defects and discharge defects were
captured and deeply analysis. Fusion diagnosis provides
an intelligent decision scheme for power distribution
equipment fault diagnosis under operating conditions.
The fusion recognition by comprehensive detect for a M-
LVSC contactors power line and terminal board were
verified in power distribution site.

Under the background of big data cloud platform,
multi-signal mode intelligent fusion diagnosis provides an
intelligent decision scheme for power distribution
equipment fault diagnosis under operating conditions.
The fusion recognition by comprehensive detect for ac
contactors power line and terminal board were verified in
power distribution site.
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