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Abstract

With the rapid development of society, many industries have integrated intelligent advanced technology, and
electrical automation control is one of them. Electrical automation control system is a control system for the
efficiency, status, quality and other aspects of electrical operation. Through the system, electrical operation can
be well controlled. After the use of intelligence, the system has the ability of sub identification and decision-
making. This paper first briefly analyzes the application theory of artificial intelligence, and then expounds the
advantages of artificial intelligence controller. This paper studies the application of artificial intelligence
technology in electrical automation control system from two aspects of the application of artificial intelligence in
DC drive and AC drive, and analyzes the advantages of artificial intelligence control. Taking the application of
Al Artificial Intelligence regulator in the control of an electrical appliance as an example, this paper expounds
the circuit principle, implementation scheme and application effect of the system.
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I. Introduction

The ESANN method, which combines artificial neural network with expert system, is put forward based on DGA.
ESANN takes advantage of the advantages of neural network and expert system, and makes deep improvement
on this basis [1-2]. Power transformer is an important equipment in power system, and the diagnosis of its
abnormal situation is very important for the safety and reliability of the whole power system. Improving the level
of transformer operation and maintenance and technical management has become an important means to ensure
the reliability of power supply.

As we all know, transformer fault diagnosis is a very complex problem. Many factors, such as transformer
capacity, voltage level, insulation performance, working environment, operation history, and even products from
different manufacturers, will affect the diagnosis results [3]. All kinds of test methods and test instruments only
play the role of obtaining transformer operation status information, and making correct judgment based on these
information must rely on rich operation and maintenance experience. Due to the important role of human
experience in this problem, it is of great practical significance to develop intelligent fault diagnosis system by
using artificial intelligence technology [4-5].

Expert system (ES) and artificial neural network (ANN) are two research fields at present, but there is a
"bottleneck" of knowledge acquisition in expert system technology [6-7]:

(1) Most of ES knowledge base acquisition comes from manual transplantation. Experts transplant knowledge to
computer, which is time-consuming and laborious;

(2) The knowledge base of ES can only solve the problems in this field, but the ability to solve the problems in
similar fields is very poor;

(3) They have the ability to write es, but they have no self-organizing memory and self-learning ability, so they
can not be upgraded in practical application;

(4) The larger the knowledge base, the slower the processing speed and the lower the efficiency, but the accuracy
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and efficiency can not be both.

Because of its self-organization and self-learning ability, ANN can overcome the shortcomings of traditional ES
in this aspect. By using DGA technology, ESANN has been applied in transformer fault diagnosis. In many ANN
models, BP network is suitable for pattern recognition and fault diagnosis because of its good ability of pattern
classification.

I11. ESANN system flow
2.1 ESANN system structure block diagram

The ESANN system shown in fig. 1 includes the following parts [8-12]:

Main memory pages d-way set associative cache memory

) ' e m 7| 0-way 1-way 2-way J-way
S Ine m .~ Th linem T lnem T lnem TR linem
e

1] linel 1] lined 1] Ined 1] lined

4KB > 4KB > KB > KBS
32 vectors 32 vectors 32 vectors 32 vectors

16-bit RISC Inter-frame | | = = Memory | |5 g
controller cache g 2 controller| |.F %
O o
1 1 1 1 1
I Top switch I
] | | |
128-way Zeroless-LSH Hash table| Decision
SAD unit unit memory making unit
ki 1
[P TP ST 4 10d f 122 = 4 [P A 4 1024 E3 15 ¥
)
Configuration memory

Fig 1: ESANN process
(1)ANN detection, the detection result is normal or abnormal, which provides a basis for further detection;
(2)ES detection, the detection result is normal or abnormal, which provides a basis for further detection;
(3) Fault analysis using ANN;
(4) Fault analysis using ES;
(5) Comprehensive logic synthesis of fault diagnosis results;

(6) Give maintenance suggestions to the system, estimate the interval of the next test, and realize correct
maintenance actions.

2.2 Input data

Input data includes the following aspects:
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(1) The dissolved gas content (ul / 1) and gas production rate (ml / h), including CH4, C2Hs, CO, CO3, Hz, CoHe,
C2Haz, O, CoH2, Ny, are the main input parameters of the diagnosis process.

(2) Oil sample information, including date sample (used to compare with historical gas production trend) and
location of gas sample (used to determine the weight of relevant gas).

(3) Relevant information of transformer, including transformer capacity, voltage grade, core type, number of
grades, insulation performance, working environment and operation history.

(4) Background information, including transformer serial number, substation information, number of identified
oil samples, historical data of fault report, etc.

Although the dissolved gas in transformer oil is affected by many factors, only a small part can be used for fault
diagnosis. At the same time, in order to update the system database in time to obtain new diagnostic rules, it is
very important to save as much information as possible in the database.

2.3 Logic output of diagnosis

The output of diagnosis results includes fault types, reliability of diagnosis results, re inspection time and
maintenance suggestions:

(1) Superheat (OH);

(2) Oil overheating (OHO);

(3) Low energy discharge (LED);

(4) High energy discharge or arc (HEDA);
(5) Cellulose insulation damage (CD)

2.4 Establishment of database

In the process of ESANN diagnosis, every sample is recorded in a dynamic database, which is convenient to use
as a training database next time. Diagnosis is also based on this record, and the diagnosis results are stored in
another dynamic database, which is convenient to compare with historical records and update diagnosis rules in
time.

111. Working principle of ESANN

In ESANN system, there will be four independent ANN units used for fault detection, and the ann. BP network
with three hidden layers trained by BP algorithm is adopted, that is, the Back. Propagation learning theory of
forward multilayer neural network (abbreviated as BP, which was first proposed by Weber in 1974).

Among many ANN types, the BP network which uses the Error Back. Propogation algorithm as the training
algorithm has a wide application prospect in the fault diagnosis system because of its good pattern classification
ability and is especially suitable for fault diagnosis.

ESANN is written in Microsoft Visual C++, and each module of ESANN is introduced in detail below.
3.1 Normal or abnormal detection based on ANN

The input data are the fault gas content (ul / 1) and gas production rate (ml / h). Two ANN networks are used to
judge whether it is normal, as shown in Figure 2.
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Fig 2: Normal or abnormal detection based on ANN

The input data goes through two independent detection links. Only when the outputs of the two links are normal,

the output is "normal”, otherwise the output is "abnormal*.

3.2 Normal or abnormal detection based on ES

The normal or abnormal detection based on ES is shown in Figure 3.
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Fig 3: Normal or abnormal detection based on ES
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The input data goes through four independent detection links respectively. Only when the output of the four links
is normal, the output is "normal”, otherwise the output is "abnormal”. The criteria of the four detection links are:
whether the fault gas is within the limit value (using IEEE C57.104 standard); three ratio method: absolute gas

production rate; relative gas production rate.

3.3 Fault detection based on ANN

When the result of the above judgment is "abnormal”, the data is sent to ANN and ES respectively for fault

detection and judgment, as shown in Figure 4.
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Fig 4: Fault detection results based on ANN

In the ANN detection link, two independent Ann links are used to judge the main faults respectively. In a large
number of previous studies done by the author, this structure has higher diagnosis accuracy than the single ANN
network output in Figure 2, and the sample training time will be greatly shortened.

1V. Examples and discussions

The system discussed in this paper is a sample trained by 220 sets of data, including 22 normal cases, of which
150 sets of data are used to train ANN network and 70 sets of data are used as experimental tests. Table 1 shows
the accuracy comparison between ESANN, ANN and ES when running alone.

Table 1 Test results of training samples %

ESANN ANN ES
Fault type

Train Test Train Test Train Test

Overheated 100 97 100 95 97.3 90

Oil overheating 100 95 100 95 99.3 90

Low energy discharge 100 95 100 95 95.2 91

High energy discharge or arc 99.7 97 100 95 96.7 85
Cellulose insulation damaged 99.7 93.3 100 95 90.7 91.7
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Es judges that there is no CD fault, but there may be HEDA fault, because the characteristic gas CO of CD fault
is lower than its limit and there is a small amount of C,H, (characteristic gas of HEDA fault). But in this case,
because ANN is not simply based on the limit value to judge, but through the adaptive reasoning process to get
the results, so it has good diagnostic accuracy.

The diagnostic results of ES showed that there were OH, oho and CD faults, because the characteristic gases CHa,
CzH4, CO and cah6 were obviously excessive. When Ann judged the CD fault, these characteristic gases were not
obviously excessive, which may be due to the lack of similar samples.

ES did not judge the existence of LED fault, but thought that HEDA fault may exist, which may be due to the gas
production rate not reaching the lower limit of LED fault judgment value and a small amount of C,H,. At the same
time, because there is excessive H; and the content of other combustible gases is very small, ANN judges the LED
fault and eliminates the possibility of HEDA fault. The output result of ESANN is correct.

In our testing process, it happened that both ANN and ES judged correctly, but the comprehensive output result
was incorrect. This kind of situation is very rare, so we will make further follow-up study.

To sum up, the diagnostic accuracy of ESANN system is obviously better than that of ES and ANN alone.
V. Advantages of artificial intelligence in electrical engineering automation

The work of traditional controller to adjust parameters is complex, it is difficult to master the adjustment operation,
and the adaptability is weak. The emergence of artificial intelligence not only makes up for the defects of the
traditional controller in adjusting parameters, but also has a more prominent advantage that it does not rely on the
participation of professional personnel in the field to complete the whole process of parameter setting
independently, that is, according to the reasonable parameter data, combined with the use of language and response
information. In addition, it can also make simple modification after parameter setting to make it better adapt to
the actual situation

The application of artificial intelligence in electrical engineering automation controller eliminates the influence
of uncertain factors such as the change of model setting parameters and different numerical types in the process
of calculation when the traditional controller is building the model.

Some uncertain factors are difficult to affect artificial intelligence technology, its ability to resist interference is
very strong. The operating system can hardly change the parameters set before operation, and they always keep a
fixed value. Therefore, the error between the actual value and the theoretical value is very small.

Compared with the traditional electrical engineering automation control technology which has good control effect
on specific objects and unstable control effect on other objects, the electrical controller integrated with artificial
intelligence technology has a strong consistency. It can better evaluate any unknown data input into the system,
and the performance consistency between products is also guaranteed.

A variety of electrical equipment such as lines, machines, transformers and various wires and cables have been
applied to the operation of electrical engineering. The placement of these equipment is chaotic. In addition, the
cleaning of various machines also requires a lot of manpower. However, the application of artificial intelligence
to electrical engineering automation can effectively solve this thorny problem. There is no machine to clean, which
reduces the demand for machine cleaning personnel. In this way, the input of human and material resources are
greatly reduced.

V1. Conclusion

ANN adopts a three-layer hidden network structure with the best performance for single fault diagnosis. By
selecting appropriate methods for sample training, it has higher diagnostic reliability and accuracy, and can be
retrained by new sample experience values. The comprehensive fault diagnosis output makes use of the
advantages of ANN and Es, and the test results show that ESANN can get more accurate diagnosis results than
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ES and ANN when used alone.

The combination of expert system and artificial neural network is the only way to simulate human intelligent
thinking, but the development of them is a long and gradual process, which needs continuous innovation and
improvement.
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