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ABSTRACT

This article studies a diagnostic analysis method for electrical equipment information
detection based on multi-information integration. By integrating and analyzing
information from multiple sources of electrical equipment, the accuracy and efficiency
of equipment fault detection and diagnosis can be effectively improved. In detecting
and diagnosing electrical equipment information, multiple sources of information
are usually involved, including equipment operation data, sensor data, historical
maintenance records, etc. This information has different forms and characteristics,
so it needs to be integrated and comprehensively analyzed to fully explore the useful
information within it. This article proposes a method for detecting, diagnosing and
analyzing information on electrical equipment based on multi-information integration.
This method first preprocesses and integrates information from different sources,
then utilises machine learning and data mining techniques to analyze and mine the
information. Among them, special attention is paid to the complementarity of
information and fusion methods to extract valuable features and patterns from
different information fully.
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1. Introduction

As China’s modernization process continues to advance, the electricity demand is
also growing. Therefore, the security of the power system also has higher
requirements [1]. The evaluation and diagnosis of the running state of the electrical
equipment are of great significance to ensure the electrical equipment’s safe operation
and the power system’s safety and stability [2]. Since the state has put forward the
goal of establishing a strong smart grid, higher requirements for the safety and
reliability of electrical equipment have been put forward [3]. No one is on duty in
many parts of the national grid, so security monitoring is even more important [4].
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In addition, the electrical equipment involves many aspects, and the security examination
environment is terrible. Therefore, it is urgent to establish a fault detection and disaster
detection system for electrical equipment based on multi-information fusion [5].

There are many signs of electrical equipment failure, the most important of which is temperature
changes. Therefore, the system first monitors the temperature of the electrical equipment
and evaluates its operation [6]. Once the problem is detected, the local analysis of the electrical
equipment is immediately carried out through the neural network and the fault area is identified.
Then, the information is analyzed. The system carries on the fusion analysis of the information
and finally achieves the electrical equipment breakdown analysis goal [7]. Through this research,
the electrical equipment fault point and fault reasons can be quickly and accurately found to
repair the equipment according to the cause of the fault, which can reduce the economic
losses and casualties caused by electrical equipment failures [8].

2. The State of the Art

Currently, the online monitoring of electrical equipment at home and abroad is to monitor or
patrol a single or small range of equipment with expensive instruments and meters. It is
difficult to solve large-scale, network, real-time online monitoring and early warning [9].
Domestic inspection of electrical equipment is mainly based on regular maintenance, which
wastes a lot of manpower and material resources. If the fault occurs during the neutral repair
period, it will cause economic losses and casualties [10]. Although the failure can be reduced
to a certain extent, the maintenance mode of this broad screen is undoubtedly low efficiency
and vulnerable [11]. In addition, our country is vast in territory, and it is difficult to avoid the
lack of maintenance or excessive maintenance [12].

This method of periodical maintenance has great drawbacks. So now, people have adopted a
form of state overhaul. Considering all kinds of status information, such as running condition,
pretest condition, maintenance, family quality history, defect and online test, the diagnosis,
prediction and evaluation are carried out [13]. At present, this method has important theoretical
significance and practical value, which can reduce maintenance costs and greatly improve the
reliability of equipment [14]. At this stage, with the development of computer technology, the
use of computers in various fields has become more and more widespread. The application of
computer technology in electrical maintenance reduces the occurrence of faults [15].

3. Methodology

3.1. Research Ideas and Methods of Electrical Equipment Fault and Disaster Detection
System Based on Multi-Information Fusion
Information fusion is an innovative technology of information technology. Various information
can be fused, analyzed, and used together, and then useful information can be analyzed. It is
the technique of summarising multi-information and finally drawing a conclusion. However, in
the field of electrical equipment fault detection, due to the complexity of the electrical equipment
and the harsh environment, the equipment has shown many uncertainties in the failure process.
There are many reasons for uncertainty: uncertainty in fact; uncertainty in the standard
conditions; uncertainty in the validity of the guidelines; uncertainty of reasoning; uncertainty
caused by incomplete knowledge and one-sided data. Three kinds of uncertainty are
determined: randomness or possibility, fuzziness, incompleteness, and ignorance. Information
fusion shows its importance in dealing with these uncertainties. This paper uses an electrical
equipment fault and disaster detection system based on multi-information fusion technology
to detect fault analysis and diagnosis under uncertainty. Its simple messaging model is shown
in Fig.1.

3.2. Functional Requirement Design and Design Idea of Electrical Equipment Fault and
Disaster Detection System Based on Multi-Information Fusion
Fig.2 shows the block diagram of the electrical equipment fault detection and disaster monitoring
system based on data fusion. This is a system with low, medium and high levels of processing.
Low-level information fusion is simply information fusion of a data layer. This kind of information
fusion is the data fusion based on the original data. It is a kind of low-level information fusion.
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Figure 1 .  System information transfer mode

Therefore, it also has the disadvantages of slow processing, poor error-correcting ability, too large
communication information, and weak anti-interference ability. However, the combination of the
information fusion analysis technology, which is not perfect, and the use of the following two
phases shows the importance of this phase. A large amount of useful information is extracted at
this stage. Because it is the most primitive data, its accuracy and integrity are very good. It lays a
solid foundation for the following high-level information fusion processing.

Figure 2. Block diagram of electrical equipment fault detection and disaster monitoring
systems based on data fusion

The information fusion of the middle layer is called feature layer fusion. The raw information is
processed and analyzed briefly, and then it enters the stage of information transmission. At this
stage, feature extraction is performed for the information delivered at the last level. Then, the
extracted feature information is synthetically analyzed. The information fusion of the middle layer
has many advantages, which make up for the shortcomings of the original information processing.
It even transforms the disadvantages of the original information into the advantages of the whole
information fusion processing system. At this stage, information compression can be realized. As
the information is compressed, the information becomes less and more accurate, and the information
is processed very quickly. The information extracted at this stage is directly linked to decision
analysis. Therefore, the extracted information is the characteristic information we need, providing
the original characteristic information for the final decision.

The decision layer is the last stage of information fusion, the highest level of information fusion. The
result provides the basis for decision-making information. Therefore, the information fusion of

The advantage of this technique is that it preserves the raw data, provides subtle information,
and retains the raw data for subsequent work. However, this kind of information processing
has many disadvantages. The data is generally more tedious, and there is much unnecessary
information.
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decision-making must start from the demand of the decision-making problem, and then the infor-
mation extracted from the fusion can help to make decisions. The information fusion in this phase
directly affects the decision-making level, and it is necessary to ensure the accuracy of this part of
the information fusion. Otherwise, it will lead to decision-making errors, inaccurate fault detection,
and economic losses or casualties. This part of information fusion has many advantages and high
flexibility. In addition, the speed of information transmission and analysis is very fast, and the speed
requirement is not high. It can summarize and analyze the information under different circumstances
and analyze the causes and failures. Because this part of the information fusion is the most ad-
vanced information fusion, a lot of basic information is passed here for analysis. Even if there is an
error in some of the original information, it will not affect the accuracy of the most important
calculation results and have a strong ability to resist risks. Because this part of the information has
been highly integrated, the amount of information entered the decision-making layer has been very
small. The anti-interference ability is very strong, which makes up for the problem of poor anti-
interference ability in the first stage. However, the decision-level fusion must first preprocess the
original sensor information to obtain the respective decision results, so the cost of preprocessing is
relatively high.

3.3. Establishment of Electrical Equipment Fault and Disaster Detection System Based on
Multi-Information Fusion
The multi-information fusion of electrical equipment failure and disaster detection systems starts
with use requirements and purpose. A system has been developed based on the advantages of the
currently used inspection system. The detection system is divided into several major modules. A
series of test data is then passed through the modules. The final analysis results are obtained by
comparing the existing conclusions in the database and the expert’s artificial analysis. The system’s
main information transfer and fault diagnosis structure is shown in Figure 3.

Figure 3. System of the main information transmission and fault diagnosis structure

After inputting the information collected by the diagnostic object through the analysis of the three
previous stages, the information integration analysis is introduced into the central information pro-
cessing module of the diagnosis structure. The fault information is analyzed and summarized here.
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Different fault information is separated and compared with the fault database in the system. The
system database contains all the information and processing methods that cause trouble. Common
faults can be directly dealt with according to previous experience. It is known that electrical equipment
failure is associated with the use of time. The relationship between the rate of electrical equipment
failure and the use time is shown in Fig.4. When the system is used in the graph, the probability of
failure meets the normal distribution. Therefore, it is necessary to extend the use of time defined in
the system and guarantee the probability that the system can analyze the correct results by more
than 99.6%. According to this relationship, the system divides the faults into the following levels:
immediate processing, priority processing, normal maintenance and regular operation. This provides
a solution not only for fault handling but also for the occurrence of faults. The results after processing
are relatively magnified. For example, the equipment in the normal use margin is included in the
normal maintenance range.

Figure 4. Electrical equipment failure rate and the relationship between the use times

However, the occurrence of failures does not follow the previous rules, which are changeable. The
system is also associated with domain experts. For the problem the system can’t handle, the
processed information is sent to the computer of the national well-known experts, which is easy
for human analysis. After the expert has received the fault situation, they may analyze the cause
artificially and return to the system after the analysis processing way. Then, the system sends
advice to the technical personnel for processing and maintenance according to expert opinions.
Once the case has not appeared, the system will automatically add new faults stored in the database
for future use. In this way, the system has formed a virtuous circle, ensuring people’s lives and
property safety. The system uses a lot of key technologies. Different environments and levels of
information are converted into the same form and description method. In data fusion, the key
problem of data correlation is to overcome the relative two meanings caused by the inaccuracy of
sensor measurement and the interference and maintain data consistency. The database is divided
into two parts: the real-time database and the non-real-time database. The real-time database
provides the fusion results to the fusion center and stores the decision analysis results. Non-real-
time databases mainly deal with historical results and historical information so that systems can be
used in contrast. In addition, the system database can only collect information from expert feedback
and can’t input problems that have not occurred before. A national cloud database is built. The
problems encountered by different system regions are transmitted to the cloud database and then
shared with each region of the database, increasing the system’s ability to deal with problems and
speed.
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4. Result Analysis and Discussion

As for the development of a system, testing is an essential stage and an important measure to
implement the good use experience of software. System tests can identify system vulnerabilities in
the system design and facilitate later repairs. At the same time, it also verifies that the system has
achieved the desired application requirements. It can check whether or not the system information
is transmitted and saved according to the scheduled route to avoid system performance problems.
In addition, through system testing, it can check whether the system function is comprehensive. A
system that fails to function properly is a failure. This information fusion system for electrical
equipment failures and disaster detection can cause serious consequences if the system crashes or
system functions fail. Therefore, the system needs to be strictly tested.

First of all, the performance of the system is tested and analyzed. When testing, one personal
computer is used as a load-testing machine, and one server is used as the application server and
database server. PC uses a 100 Mb/s LAN connection server. The test is conducted with Load
Runner. Load Runner can simulate data transfer in various situations, which is suitable for testing
this system. The ability of the system to process data and deliver results and the speed of the
system are the focuses of our attention. Through our tests, it is found that when the 50 basic
messages are processed simultaneously, the system response time is 5 seconds, and the response
time of the system is about 10 seconds while dealing with the 100~500 basic messages. When
there are more than 600 basic messages, the system response time is more than 1 minute. The
test results are shown in Fig.5. Because the system is only used in a certain area, the 500 mapping
points can be rapidly monitored to meet the use requirements. The system can work well if the
observation points are less than 500.

Figure 5. Test results

In addition, when the system deals with different amounts of information, the amount of CPU is
also detected. It can be found that when the amount of data processed by the system is below
500, the CPU share is stable below 35%. When the system processes data at 600, the amount of
CPU occupied is 71%, which has already begun to influence the system’s running speed. The
system has been in good shape for disk occupancy. When dealing with 600 basic messages, the
system disk occupancy rate has been floating around 15%, fully meeting the application requirements.
As with system delays, keeping the system handling 500 basic messages ensures that the system
is safe and does not crash. The test results are shown in Table 1.

The above performance testing shows that the system can process 500 basic data simulta-
neously and run well. At the same time, the functionality of the system is also tested. 1000
disaster information simulations are made using computer simulations of various faults and disas-
ter information.By using the black box testing method, the system is tested on various functions.
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Through tests, it is known that the results of 1000 cases are processed by the information we
set up, and it can handle the information properly, which can meet our normal use requirements.
A system can only be improved continuously while using it. However, our electrical equipment
fault and disaster monitoring system, which is based on multi-information fusion, can’t be
repaired until a problem arises. Because once the disaster occurs, it will bring huge economic
losses to the country and people. Only strengthening the human system detection during the
use can prevent problems caused by the system can’t troubleshoot.

The number of data

CPU Take-up

Disk occupancy rate

100

33%

14%

200

34%

13%

300

33%

14%

400

34%

16%

500

35%

16%

600

71%

15%

Table 1. Disk and CPU occupancy table

5. Conclusions

The continuous use of computer technology has brought great convenience. Its application in the
electrical equipment overhaul can greatly reduce the waste of human resources and waste of
funds. It allows us to test and overhaul electrical equipment in the direction and direction, not in
the same way as before. The electrical equipment fault and disaster detection system based on
multi-information fusion built in this paper can satisfy the input of 500 basic messages and ensure
the normal use of the system. Through our extensive functional testing, it is found that the system
designed in this paper has a very good use function, and it is a safe and reliable detection system.
The system database contains all kinds of processing methods and fault precursor information,
which can ensure that the system is competent for detecting electrical equipment. Because the
system’s accuracy is linked to people’s lives and property, the system can be regularly maintained
and repaired. In the future, it is necessary to continue to check the system code for more than
one person, prevent technical errors, simplify the calculation methods of the system, and speed
up the system’s data processing.
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