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Abstract
In this research, we propose the thermal power generation fault diagnosis and prediction model
based on deep learning and multimedia systems. The application of multimedia technology in
the power dispatching communication system not only greatly enhances the stability and
reliability of the power system, but also enriches the application of science and technology in
the power system. It is one of the main directions for the development of power communica-
tion and information processing systems. The paper’s novelty and contribution are major
reflected from the three aspects. First, we optimize the traditional neural network model to fix
it more suitable for multimedia applications. We improve the forecasting accuracy; and then
for each type of sample of B-neural network model, the up-front of meteorological data.
Second, the deep neural network is optimized for better evaluation efficiency. The number of
convolution kernels in each convolutional layer in the network is different. The more the
number of the post-convolution kernels, the more efficient the model will be. Therefore, the
multi-kernel structure is proposed. Third, we integrate the multimedia into the prediction
scenario to visualize the data and results. The experiment result is conducted to validate the
performance of the proposed method. Results compared with the other state-of-the-art models
demonstrate the robustness of our method.

Keywords Multimediasystem.Thermalpower.Generationfaultdiagnosis .Deepneuralnetwork
. Fuzzy prediction scenario

1 Introduction

The main electrical systems in thermal power plants are generator sets, lead-out lines, factory
connections, transformers, power distribution equipment, main wiring and switches, power
supplies, and communications equipment. The safe and stable operation of electrical systems
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not only ensures the continuity of electrical energy. Supply, and have a positive role in the
realization of the economic benefits of power plants. Therefore, during the electrical operation
of the power plant, it is necessary to be able to quickly detect the occurrence of electrical faults
and take appropriate measures in time to reduce the accident losses. In the course of electrical
operation of a power plant, once an electrical operation failure occurs, it will have a greater
impact on power generation efficiency and affect the operation of the power system. Therefore,
it is not only necessary to accurately locate electrical faults, but also to take various preventive
measures in advance to quickly eliminate the faults. Thermal power of the electric system is
mainly composed of power plant main connection, steam turbine generator, main transformer,
power distribution equipment, switchgear, generator pinout, factory with connection, factory
with transformer and reactor and motor factory, security power supply, battery dc system and a
few parts of communication equipment, lighting equipment, etc. The basic function of the
thermal power system is to ensure the power supply to the load or power system according to
the power quality. However, the actual operation of electrical equipment is often subjected to
the dual pressure of electrical load and mechanical load. These pressures will have a fatal
impact on the operating efficiency, safety, and service life of electrical equipment. Sometimes,
the consequences are the same from the perspective of phenomena. But it is a failure of the
electrical system caused by different reasons [1–3]. It is necessary to solve the problem
through different solutions. Specifically, the problems and causes of the failure of the electrical
equipment in thermal power generation mainly include the following aspects. (1) In the
thermal power plants, power generation units are very prone to temperature is too high. The
alternator is running over a period of time, sometimes the temperature will rise very high, so
that the alternator produces a copper consumption as well as iron consumption and the
consumption of energy and a portion of the converted to heat energy, causing the generation
of higher temperature, resulting in a vicious circle, and the long-term if the generators at high
temperatures, and it is very possible that the aging of insulation, temperature, the higher the
burn speed, long-term prior to the alternator in grave danger. In generator set temperature is
mainly caused by long hours of running hot consumption increase, the heat is not released, the
engine cooling system is not ideal or cooling temperature settings are not ideal, etc. (2) The slip
ring generator carbon brushes in the alternator failure, the high-speed operation, the slip ring
carbon brush can be prone to fire, if this is the case, if we are not able to take timely and
effective measures will result in the entire carbon brush all on fire, it has the high possibility of
causing the generator in high-speed running downtime to allow the generator has been
seriously damaged, while at the same time, bringing in huge economic losses. (3) In the
thermal power plant, the number of installed power plants, the number of single machines and
the main connection mode will affect the selection level of the backup power supply. Generator
at work, if for some reason, high and low voltage power to stop the work, you need to take the
standby power, before the standby power use, on the bus all motor equipment to run the
slowdown, the standby power supply switch after success, for the motor is suddenly increased
a large voltage, the voltage will cause serious influence to electrical equipment, the influence
of different capacity of generating sets are also have some different [5–7, 9]. Moreover, if the
standby power switch takes a long time, it will also then reduce the operating speed of the
motor and even affect the operation of the boiler. (4) Electrical equipment operation process, if
maintenance and inspection work is not timely, or cannot do bit, it will cause a short circuit
problem occurs, not only will the electrical equipment to bring greater damage, but also
jeopardize personnel safety, the need to make a good electrical ground [4, 8]. When the
electrical short-circuit fault occurs, the fault occurrence point is more subtle, this will give the
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detection work brought certain difficulty, therefore the need for a DC ground or AC ground for
the distinction, and the ground connection line to be checked, do good investigation work, in
order to reduce economic losses. (5) Export short-circuit fault, in the transformer fault type,
where the problem of export short circuit is the greatest harm, once a short circuit fault occurs.
It can make a large current in the winding of the transformer, and this current is often dozens of
times the normal current rating of the transformer. Such a large amount of current energy will
have a certain impact on the insulation strength of the windings in the transformer, and even
worse, it will destroy its insulation layer and damage the entire transformer.

To deal with the mentioned challenges, this paper designs and implements the multimedia
system for thermal power generation fault diagnosis with deep neural network and fuzzy
prediction scenario. To begin with, the Fig. 1 presents the general thermal power generation
fault diagnosis framework [10–15].

The application of multimedia technology in the power dispatching communication system
not only greatly enhances the stability and reliability of the power system, but also enriches the
application of science and technology in the power system. It is one of the main directions for
the development of power communication systems. As a core part of the multimedia technol-
ogy, soft switching system for the entire power dispatch communication system’s main support
for soft switching system can not only promote the use of electric power, as well as records of
full control, we can also make the instruction in the communication terminal to display. The
map is a multi-media technology is the most obvious characteristic of the electric power
dispatch as an integral part of the information mapping has become a key reference informa-
tion, in order to support multiple communication system, communication terminal, the mapper
is also required. The information is mapped to the role, whether the call forwarding or call
redirection and can work together in a mobile terminal. Based on the literature review, we can
summarize the background application of the multimedia assisted system from the following
aspects [16–18]. (1) The application of power dispatching communication system in the
switching system can not only transmit the protocol and instruction in time, but also realize
the information sharing of communication network and computer network. At the same time,
the transmission of data and language will also be speeded up with the use of switching
technology, and the use of open network structures can facilitate the use of files. (2) The most
distinct feature of multimedia technology is information mapping, which is also an important
part of the power scheduling. The same information mapping is the main reference of

Fig. 1 The general thermal power generation fault diagnosis framework
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information positioning. And it is necessary to support multiple communication systems at the
same time. The information mapper is also necessary for the communication terminal. (3) In
the visual scheduling system, the more common of the functions is call processing and call
forwarding, wherein the call processing belonging to the pending function, and the call transfer
is maximum respect for the needs of users, this is a visual scheduling a concentrated
expression. (4) In the digital recording system, the data record and the visualization operation
are equally important, which is the important guarantee to realize the reliability and stability of
the power dispatching communication system. The Fig. 2 demonstrates the data analysis
framework for the multimedia systems.

Therefore, in this paper, the thermal power generation fault diagnosis and prediction model
based on deep learning and multimedia systems is studied. In the section 2, we study the
theoretical background of the neural network, deep learning and the multimedia security model
to serve as the basis of the research. In the section 3, the multimedia and power generation
combination pattern is studied. In the section 4, we finalized model is proposed. The section 5
is the experimental verification of the proposed idea and in the section 6, we summarize the
whole contributions.

2 Theoretical basis for the proposed model

2.1 Neural network and the inner organization modelling

Artificial neural network is a functional model based on the structure and function of human
brain. Figure 2 demonstrates the inner organization of the traditional multi-layer neural
network [19].

In our scenario, we take the prediction of power with the neural network, the impact of
photovoltaic power generation system the output power of many factors, with solar radiation,

Fig. 2 The data analysis framework for the multimedia systems under different application scenarios

4676 Multimedia Tools and Applications (2019) 78:4673–4692

RETRACTED A
RTIC

LE



the inverter conversion efficiency, the solar panel mounting angle, temperature, barometric
pressure, etc. If each of the factors are as predictive inputs to the model will increase model
complexity, and input variables of the increase will also improve the photovoltaic power
generation system historical data collection the difficulty of the job, so accurate analysis of the
output power of the strong relevance factor and use it as the input quantity, the direct
relationship between the prediction model’s usability and accuracy. We improve forecasting
accuracy; and then for each type of sample of B-neural network model, the up-front of
meteorological data and historical information on small hydropower running as a model,
and taking into account the dynamics of power stations and units in operation, in order to
take advantage of the small hydropower less hours as part of the B-network model output, the
treatment of the test sample identification classified forecast. In our proposed network, the
transmission function is presented as Eq. 1.

Aki xið Þ ¼ exp
xi akið Þ2
bki

 !
ð1Þ

Where the exp.() operation is adopted to calculate the transmission efficiency, the method of
determining the training samples depends on the similar day selection algorithm. Training
samples are formed according to the historical records of the first k days in ascending order of
temperature Euclidean distance. The training samples can be used to train the neural network,
and then the trained neural network is used and can then predict output power. The neural
network contains an input layer, one hidden layer and an output layer, the layer of the neural
one-way connection, the layer of neural independently of each other, the output layer can
access any value based on the output of the network looks forward to calculate the Inverse
error, the value of the right to make corrections, the network of learning and training process is
to adjust the value of the process until error is less than the value of the end of learning.

μAi
k
xið Þ ¼ exp −

xi−aki
σk
i

� �2
" #

ð2Þ

μBk yð Þ ¼ exp −
y−bk

ηk

� �2
" #

ð3Þ

Equations 2 and 3 are the detailed transmission function for operating the model. The parameter
definitions can be found in [3, 34]. The detailed calculation steps can be summarized as the follows.
(1) Accumulate PV power data as a time series to generate accumulative sequences [20–23]. (2)
First, the prediction accuracy and thewalk constant of the combinedmodel are set, then the data after
the photovoltaic power generation are input, then the nonlinear mapping relation is established by
neural network, and the network is trained, in which the center and width of the Gauss function can
be obtained according to the clustering algorithm, and the output weights can be determined by the
least second multiplication method. (3) Compared with the other neural network, GNDH network
structure to dynamically determine during training, there is no need to consider the BP neural
network is the number of nodes in the hidden layer to determine the problem. The training process,
the number of neural layers, each with a layer will increase the number of new neural, while at the
same time, the performance of the neural will be discarded. The training process, by continuing to
adjust the neural weight and neural choices, wait until the map accuracy [37, 42]. (4) The artificial
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neural networks precision enhancement may through use a concealed level to increase his/her
neuron the method to realize, this must be simpler than in the structure realization the increase
concealment level number, therefore the light bends down the generating system output forecast
model to use the list concealed level structure. The concealed level neuron integer choice relates the
neural network directly the scale and the precision. The light bends down the generating system
output forecast model input variable unit to be different, the magnitude difference is also big, but the
neuron output all is usually limited in certain scope. (5) The final predicted PVpower and actual data
are analyzed, and the accuracy that meets the actual needs is obtained through constant adjustment.
Figures 3 and 4 demonstrates the sample simulation results for reference.

2.2 Multimedia intrusion detection

Network intrusion detection system is the network resources of malicious behavior is identified
and processing system. He may be a network capture of the packets with the rules in the library
thousands of multi-rule pattern matching, found that there may be attacks. In the past using
way to much is the firewall policy, it can prevent the use of protocol vulnerability, source
routing, address phishing and other attacks, and provide safe data channel. But it is for the
application layer to the back door, inside the user’s unauthorized operation as a result of the
attack or theft, destruction of information are powerless. In addition, due to the location of the
firewall in the network in the daylight, its own design flaws are also inevitably exposed to a
multitude of attackers, so just by virtue of the firewall is difficult to resist the many endless
network attack, but from inside the system attacks more is helpless. The media packet
processing method there are two that are released and the corresponding media type detection.
The release of the identified multimedia data packets over the system general rule matching
process, this method is simple and efficient, but security low. The corresponding media type
detection methods can be based on the media type select the type of the corresponding rules of

Fig. 3 The inner organization of the traditional multi-layer neural network
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the pre-test, if there is no problem, we can release, into the normal detection process, because
the number of pre-test rules is far less than the number of conventional detection rules, so this
method for most secure multimedia packets can significantly improve test efficiency, security
and release method than high.

Anomaly intrusion detection is the major premise intrusion activities set as a subset of the
abnormal activity. The ideal situation is that the abnormal activities set with intrusion activities
set is the same. In this way, detecting abnormal activity is precisely the invasive activity [24,
25]. The result will not result in a misrepresentation, omission of invasion. However, the
invasion activity set is not always consistent with abnormal activity sets. In the Table 1, we
present the components.

Fig. 4 The sample simulation results with NN-based prediction

Table 1 The components for the intrusion detection system

Components for the intrusion detection system Types and features

Misuse intrusion detection model Misuse intrusion detection refers to the detection of the
observed user behavior and resource usage through a
pre-defined intrusion mode. Intrusion signatures indi-
cate the characteristics, conditions, sequences and re-
lationships of the weaknesses that lead to misuse
events, and also include the state of the system [6, 23].

Analysis components Analyze the event data and various data sent to it by any
component. For example, the input events may be
analyzed to detect if there are any indications of
intrusion, or the response data describing an intrusion
response, such as a command to close a process, may
be sent to the analysis component for analysis.

The function of the multimedia data detection
module is to perform targeted detection of the
identified multimedia data according to its media
type

The snort of conventional detection methods is the packet
to the rule library and the rules of the thousands of
rules are for pattern matching, so it takes a long time.
In the pre-processor, set up a special rule library,
multimedia data stored for each type of multimedia
data detection rules, and these Rules than the snort rule
in the library of rules are much smaller, so it can also
significantly reduce test time.

Directory server components Each component locates other components, and controls
the data passed by other components and authenticates
the use of other components to prevent the system
itself from being attacked. The directory server
component can manage and publish keys, provide
component information and tell the user component’s
functional interface.
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The identification module of the server of the multimedia data identification method is from
the server-side sent with the request packet belong to a session data packet is checked, and if
found load the front with the multimedia features it can be concluded that the data packets with
a multimedia data, and in this session, from the server end sends the sequence number of a
connected relationship and with the load of the data packets may carry the multimedia data.
However, there are some server issues the data packet in the multimedia feature of the position
is not fixed.

As shown in the Fig. 5, intrusion information detection with soft computing models can
effectively deal with this challenge. The cloud-based intrusion detection method generally uses
the qualitative reasoning of the cloud to convert the qualitative detection rules expressed by the
security experts using natural language into the quantitative rules that the computer can
process. Such methods lack the facts and standards. Our primary focuses are the databases
used for the system, and the target objectives could be separated into two major aspects. (1)
When multimedia data to identify modules that a packet with a multimedia data, the processing
module is based on the type of multimedia data in two-dimensional chain table, from going to
the order after you find the corresponding media type junction and the junction with the link on
the right side of the character string to match. (2) Carrying some attack information of
multimedia data packets are relatively concentrated in a specific phase, so the character string
node list for dynamic scheduling will also reduce the matching time. Dynamic scheduling
method is the same as above, if we find a character string matching, with the characteristics of
the nodes and before a string switch position [26–28].

These algorithms in the network intrusion detection field have achieved good detection
results, but these methods are based on empirical risk minimization principle in machine
learning algorithms, the detection accuracy obtained with the number of samples of a great
relationship, the fluctuation is large. Support vector machine as a new machine learning
method, it can through risk minimization principle to solve small sample, nonlinear, high-
dimensional problems, very suitable for application in network intrusion detection. Based on
the SVM, lots of models are presented, and therefore, we summarize some in the Table 2.

2.3 Deep learning model and the application scenario discussions

Deep learning process refers to the characteristics of the learning process, which is the essence
of the original data through some simple non-linear model to a more senior and more abstract

Fig. 5 The intrusion information detection with soft computing models
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form. It is important that the demand for classification of high-level and abstract forms to
strengthen the capacity of the original data classification, while at the same time weakening the
raw data that is not associated with the classification of the characteristics of the component.
First, by having a plurality of hidden layer of the neural network layer by layer feature
transformation, a large number of high-dimensional, nonlinear label-free original data for
feature dimensionality reduction, thereby obtaining the original data of the optimal low-
dimensional representation, significantly reducing the data dimension, not only retains the
data of the key important features, while removing redundant features; then, using the binary
tree structure multi-class support vector machine classifier, and to obtain the optimal low-
dimensional representation of the network attack behavior recognition [29, 30].

g b;ΣjDð Þ∝ ∏
m

j¼1
σ j
� �− nþ1ð Þ

exp −
y j−Z jb j

� �0

y j−Z jb j

� �
2σ2

j

2
64

3
75 ð4Þ

Equation 4 is the standard neural network expression, as the exp − y j−Z jb jð Þ0 y j−Z jb jð Þ
2σ2j

� 	
is the

network transmission weight and the ∏
m

j¼1
σ j
� �− nþ1ð Þ

is the size control parameter. We designed

a highly efficient convolutional neural network. The entire network consists of 3 hidden layers.
Each hidden layer contains a convolutional layer and a pooling layer. The number of
convolution kernels in each hidden layer is different. The network uses 3*3 convolution
kernels and 3*3 pooled cores to enhance performance by continuously deepening the network
structure. The number of convolution kernels in each convolutional layer in the network is
different. The more the number of the post-convolution kernels, the more efficient the model
will be. We thought each convolution nucleus is actually a unique characteristic extractor also
the more high-level convolution operation gains a more abstract characteristic. In order to can
catch to data many kinds of important characteristics, has all established many convolution
nucleus for each convolution level, simultaneously considered the attack the hierarchical and

Table 2 The efficient SVM based model for reference

Efficient SVM based model for reference Types and features

TSA is Agent dedicated to communication services. It
is unique on each host and is the bridge for IDA
communication between hosts and collaboration
hosts.

The TSA is data transfer intermediary, it records the
IDA and collaboration with the all of the host of the
TSA contact way that can offer packet routing
services. It is the main task of data receiving and
forwarding, have no detection ability and control
ability. It should be able to identify two kinds of
package: broadcast packets and directional data
packets.

IDA is the basic detection unit of this model. They are
distributed everywhere in the host and network.
Each IDA is independent of a certain detection task,
detecting a system or a security aspect of the
network.

Through which users can observe and find out the state
of IDA can also use it to dynamically configure the
IDA. A manager can through the inspection by SDA
saved state information to understand the operation
of system, because the information saved by the
SDA is changed regularly, so it’s easy to understand
and collaboration system inside the IDA host state
change situation of TSA, managers can provide
great convenience for effective management.
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the complexity, have used the deeper network architecture that lets the network have the
enough capacity to produce the multi-level characteristic expression. After the general process
multi-layer convolution and the pond operation produces the new characteristic often is more
robust and dense lowers the dimension characteristic, this time stretches this matrix for the
unidimensional characteristic vector inputs the entire connection the Softmax level.

g b1; b2;σ
2
1;σ

2
1jD

� �
∝ σ2

1

� �− nþ1ð Þ=2
exp −

y1−X 1b1ð Þ0 y1−Z1b1ð Þ
2σ2

1

" #

� σ2
2

� �− nþ1ð Þ=2
exp −

y2−Z2b2ð Þ0 y2−Z jb2
� �

2σ2
2

" # ð5Þ

Equation 5 is the enhanced presentation of the Eq. 4. Where the σ21
� �− nþ1ð Þ=2

exp

− y1−X 1b1ð Þ0 y1−Z1b1ð Þ
2σ21

� 	
and σ2

2

� �− nþ1ð Þ=2
exp − y2−Z2b2ð Þ0 y2−Z jb2ð Þ

2σ22

� 	
are the revised template. Sim-

ilar to the deep network, ML-ELM creates a multilayer neural network by stacking on top of
ELM-AE. The first feature of the ML-ELM is that it does not require fine-tuning compared to
deep learning networks. The hidden layer weights of ML-ELM are initialized, while ELM-AE
uses layer-by-layer greedy unsupervised learning algorithms. Multi-layer extreme learning
machine for intrusion detection algorithm by layer-by-layer unsupervised learning using a
large number of unlabeled samples for training the hidden layer the weights of the output
matrix, and then use the output matrix to be detected network data classification, so as to
achieve to distinguish between normal data and attack data.

L Djβ;Ωð Þ ¼ 1

2πð Þnm=2 Ωj jn=2
exp −

1

2
y−Xβð Þ0 Ω−1⊗I

� �
y−Xβð Þ

� 	

¼ 1

2πð Þnm=2 Ωj jn=2
exp −

1

2
tr RΩ−1
 �� 	

:

ð6Þ

Equation 6 is the statistical expression of the proposed framework. We use an unsupervised
and greedy learning method to train each RBM network layer by layer from bottom to top, and
map a large number of high-dimensional, non-linear, unlabeled data raw data to low-
dimensional representations to obtain a better initial model parameter. Figure 6 presents the
structure of the mentioned model.

3 Multimedia and power generation combination pattern

The multimedia monitoring system of a power plant is mainly composed of a front-end image
acquisition unit, a signal transmission unit, a central control unit, etc. It can transmit the
conditions of each monitoring point to the central control unit in real time and quickly so that
the managers can observe at any time. What happens in all aspects of the power generation
system can be easily detected through the framework design and analysis. In addition, the
status of the scene can be analyzed according to the preset settings, and it can be used as a site
monitoring function. Therefore, improving the safety and reliability of substations, the intel-
ligence and sensitivity of transmission and distribution adjustments is very important for the
realization of integrated automation of distribution systems. Based on the literature reviews,
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the applications scenarios can be separated into following aspects. (1) After the application of
multi-media technology, it is possible to combine the industrial television system of a
hydropower plant with a computer monitoring system, and to use the Internet and share
screens. So far the hydroelectric power plant’s industrial television network and monitoring
system are completely independent of the two systems. There is no connection between the
two. The length of the image recorded here depends on the need to analyze the accident and
the capacity of the CD-ROM or hard disk.

Also we can combine the information such as voice, image, status, value measurement,
through the integrated services digital network to realize remote transmission of film and
television image information, and may have with the hydraulic power plants of hydrologic
meteorological computer telemetry system networking, display, store, or reproduce meteoro-
logical satellite, etc. (2) Voice alarm has been applied to computer monitoring system of
hydropower plant and has gained successful experience. After using multi-media technology,
as one of the internal functions, voice alarm can also be easily realized. In the voice operation
or the voice control aspect, the first can achieve the voice tone screen or the like operations, the
operator can largely throw off the function keys and freely send password tone picture. (3) The
visualization technology also is in the graphics a very remarkable domain. Technical and so on
union animation applications besides use the digital result to express the test result or the
computed result, but also the available graph expresses vividly. For example the automatic
electricity generation control and the economical load assignment computed result and the
intermediate result, the water-turbine generator set current capacity or the efficiency test result,
pilots in the steel pipe the speed of flow and the fluid state distribution, the hydraulic turbine in
its synthesis characteristic operating position, the water-turbine generator set or some micro
increases rate curve movement in its efficiency characteristic curve and so on, all has the
possibility to use the visualization technology vividly expresses in two-dimensional or three
dimensional spatial. (4) Digital recording system mainly, and visualization dispatcher station
cooperate with each other, and the visualization dispatcher station is mainly from the visual

Fig. 6 The deep neural network inner framework
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operation principle of the digital recording system is using the technology of artificial
intelligence. Under the action of digital recording system, the power dispatching communica-
tion system can check and record the visual materials with the relevant execution instructions.
In digital recording system, visual operation and data recording are equally important, which
are important guarantee for the stability and reliability of power dispatching communication
system. (5) The use of multimedia technology to optimize power dispatch communication
system, the main problem is that the new system and the system of communion, especially in
soft switching system to adapt to the problem. In order to achieve the communication system
robust business transfer feature, the system on the network Tandem technology transformation,
while at the same time to take advantage of the tandem level to exchange software to function.
Signal conversion and information delivery needs the new and legacy systems integration. In
the Figs. 6 and 7 we demonstrate the multimedia and power generation combination pattern
sample [31–33].

In can be reflected in the Fig. 6 that the scheduling model should be optimized. For dealing

this challenge, we present the objective function in the Eq. 7. Where the 1
2α

*Λi
−1α þ 1

2 αik k1
≥ αk k1 and 1

2α
*
i Λ

−1
i αi þ 1

2 αik k1 ¼ αik k1 are boundary conditions.

1

2
α*Λ−1

i α þ 1

2
αik k1≥ αk k1;∀α

1

2
α*

i Λ
−1
i αi þ 1

2
αik k1 ¼ αik k1

8><
>: ð7Þ

While using multimedia technology to optimize power dispatch communications system, the
most important issue of the system and the new system integration and, in particular, to the soft
switching and if we want a better communication system for powerful business features, you
will need to transform the existing network tandem technology, while the use of tandem level
for the purposes of the exchange software features. Information delivery and signal the need
for the conversion of the old and new systems to achieve the beneficial integration between
them. Therefore, the additional boundary condition is proposed as Eq. 8.

d A;Bð Þ ¼ ∑
n

i¼1
wi

1

lxi
∑
j¼1

lxi
hσ jð Þ
A xið Þ−hσ jð Þ

B xið Þ
��� ���λ

 !" #1=λ
ð8Þ

Fig. 7 The multimedia and power generation combination pattern sample
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Where the wi is the basic weight set from the users, and the ∑
j¼1

lxi
hσ jð Þ
A xið Þ−hσ jð Þ

B xið Þ
��� ��� λ is the

detection condition. Through the above model, we can consider the three major application
scenarios as follows.

1) In the motor main control room Control screen is placed in front of a camera, a camera
with PTZ can be by the monitoring center of its focus and direction adjustment. Image
transmission to the monitoring center, so that we can monitor the center of the main
control room control panel for viewing, and may be in the control center select the
observation area and adjust the image quality.

2) In the remote site, there are usually two main transformers that need to be monitored and
monitored by the main transformer fans. Each main transformer fan is equipped with a
camera that monitors the area to cover the monitored fan. The image is transmitted from
the camera to the monitoring center.

3) There can be multiple separate areas in the equipment room. In order to increase the
efficiency of equipment use and reduce costs, each of the four adjacent and adjacent
separation areas can be used as a monitoring area. A camera is suspended above the
corridor for monitoring and the images are transmitted to the monitoring center [34, 35].

For the area between the power controls, soft-switching mode of application, we can achieve a
large capacity installation of the machine running. In the gateway terminal, each region
between the trunking gateway and softswitch equipment can control the province’s electricity.
At the same time, different parts of the power equipment use, maintenance and scrap
processing can also take advantage of soft switching technology. Partitioning the centralized
control mode of the application can greatly enhance the regional power dispatch communica-
tion system operation efficiency, the soft switch number is to ensure that the area between the
power stable supply of important factors. The top-down (PC) to complete the media monitor-
ing, real-time database, network communications and Internet telephony (IP phone) and it is
currently the most advanced multimedia and computer communication technologies are
introduced into the RTU, make video surveillance, security, defense, and other new technol-
ogies with base RTU features subtle blend together, but also IP phone to power dispatch
communication system, using existing scheduling network resources and enterprise’s own IP
network for voice and data integration. The access gateway is located at the edge access layer
in the softswitch architecture and provides an analog subscriber line interface for direct access
of ordinary telephone users to the IMS switching network. For units that do not have IP user
cabling conditions and have a large user size, the user’s analog access can be implemented by

arranging the AG. The integrated access device is the access point of the remote user, which

can make full use of the characteristics of IMS and the access resources of the existing data

network, and connect the remote users to the IMS system. The original administrative

switching system uses the remote module and the PCM release user, which can realize analog

user access by deploying IAD in IMS administrative switching network (Fig. 8).
Figure 6 presents the multimedia tracking simulation as the proposed system. The place is a

high-precision GPS IPPS pulse synchronization full data sampling, and apply differential
algorithms for high-precision, and output a message to the host. Analog acquisition module
is used for high-speed synchronous sampling ac analog, the module has a synchronous
sample-and-Hold feature, in the high-accuracy GPS pulse-driven synchronous latch
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acquisition instantaneous value, and then handed over to the high-precision low temperature
drift-amplifier circuit amplified, then the use of high speed A/D chip analog to digital
conversion [36–39].

4 Thermal power generation fault diagnosis and prediction

In the operation of the DCS system, the software failure is mainly caused by its own. This type
of fault usually occurs during commissioning and commissioning of the DCS system. Due to
the heavy workload and complicated procedures of the application software, application
software errors are inevitable [40–42]. This requires that during the DCS commissioning
phase, the operating personnel and configuration personnel must Take it seriously, discover it
in time and cooperate with DCS system debugger to solve the problem. In addition, it is in
normal operation of the system, should increase control, and the increase of the corresponding
control points, online error or modify the program result in system crash, which requires the
DCS configuration programming staff very familiar with system pre-made control scheme for
implementation, backup must be ready before the implementation of the program, can avoid
error occurs in time to save unnecessary loss. In the DCS system, usually in the thermal control
system was added to the BMS, CCS, DEH and other important process control point, to
guarantee the safety of the unit the ability to run, to achieve the associated fault shutdown
protection. But during operation, hot working automatic control system as the security and
reliability very easily affected. Such as a network communication failure in the traffic
breakpoint problems can easily lead to traffic overload, in the absence of flow restriction
protection condition, the entire system control network and the input and output of the circuit
will appear blocking phenomenon, resulting in system-related equipment cannot make the
right action. In addition, the DCS system also will be affected by the Setting Value fault, the

Fig. 8 The multimedia tracking simulation
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output module is defective, the signal processing speed and other causes of impact that is
demonstrated in the Fig. 9.

Special electromagnetic environment in power plant, by serious electromagnetic interfer-
ence, relay protection device for microcomputer protection device, the CPU is under the
control of the clock work at high speed, cannot avoid interference by simple delay circuit,
so for microcomputer protection, improve the anti-interference ability is an important work. To
a large power plant 500 MW power generating units, for example, due to the manufacturing of
the generator neutral point side can only lead to the three terminals, the alternator and the
variable set of differential protection can only be used with the traditional full vertical deviation
of the alternator stator winding circle a short circuit between the branch and the solder without
the protection function, in response to the structural characteristics of the generators can only
be for the alternator stator testing of short circuit protection, and the circle of protection works
complex, the actual protection effect is yet to be verified. If the generator is the generator
neutral point side out four to six terminals, the situation is not the same, generators and the
Variable Group Home protection can be incomplete longitudinal differential protection, the
generator can also be configured highly sensitive transverse differential protection, so that the
alternator stator windings are all failures (including the alternator stator winding circle a short
circuit between the branch and the solder) has a dual set of triple protection, coupled with the
transformer completely longitudinal differential protection, can already meet the requirements,
you do not need to configure the generator testing and anti-time over load protection reliability
increased significantly [43–46]. From here we can see that the device structure parameter on
the characteristics of the secondary device selection, design and reliability of the impact is
enormous.

For the prediction, we should consider following major aspects. (1) Since the original
power generators in the role, function, power failure, the alternator’s own protection system to
protect the device, so all of the machine will gradually decrease in speed, then switch to the
standby power, all of the equipment started operating, be given a driving force, but the driving

Fig. 9 The power generation fault diagnosis system
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forces for those who already have lower rate of electrical equipment, an additional voltage,
may result in equipment damage, long in the past, it will be difficult to repair the equipment
while reducing life. (2) Cable circuit problems are usually caused by unreasonable layout of
the cable specification mouth water, such as wiring insulation aging or damage, cable in laying
cable and other reasons are likely to cause high temperature section line empty pick up, the
phenomenon of break eventually led to the thermal control equipment mis-operation phenom-
enon appeared in the process of running. (3) In the DCS system normal operation, often due to
part of the function is difficult to effectively apply and lead to some of the control link cannot
be successfully carried out, and the DCS system itself does not present any problems, these
problems are usually because the operator did not fully understand the DCS system of
functional role, lack of skilled operation and bring.

For the diagnosis, we should consider following major aspects. (1) Thermoelectric power
generation electrical automation systems, as well as their associated distribution control
systems usually reserve a portion of the hard wiring. In particular, we work to protect the
power plant electrical full communication control mode for the specific needs related to the
fire, thermal power generation process chain of problem-solving in place so as to effectively

Fig. 10 The prediction accuracy rate simulation

Table 3 The detection rate changes
before and after the systematic pro-
cessing (%)

Type Before After

1 39.53 44.86
2 35.25 49.21
3 41.12 51.57
4 43.78 53.88
5 40.75 53.56
6 39.50 49.57
7 38.26 51.82
8 36.07 55.09

4688 Multimedia Tools and Applications (2019) 78:4673–4692

RETRACTED A
RTIC

LE



improve the thermal power generation process, the background of the electrical system
application level, in the initial stages of the basic operation monitoring functions to be rich.
(2) Conditional power plant DCS system shall be network instead of double network topology,
whereby to make two separate network management and system, which is beneficial to
improve the stability and reliability of DCS operation network. (3) We must carry out regular
inspections and inspections, and focus on the following links: Regularly check the fans of the
DCS system to see if it is operating normally, whether the air ducts are clogged or not; check
all communication lines. See if the interface is abnormal and the connection is firm and
reliable; test and test each module and terminal regularly to ensure that it can always be in the
best operating condition; strengthen the inspection and maintenance of the equipment during
operation of the unit, and carefully check Communication status to avoid system failure due to
communication failure. (4) The optimization of DCS control system to improve the overall
system prevention and softening failure capability is the optimization goal, focusing on the
optimization of hardware quality and software self-diagnosis ability. (5) In order to extend the
equipment service life and stability of the optimization objectives, focus on optimizing the
vibration, dust, temperature, temperature and other working conditions of the system and
operating conditions, to reduce environmental thermal control equipment.

5 Experiment design and validation

This section validates the proposed method. In the Fig. 10, we present the prediction accuracy
rate simulation. In the Tables 3 and 4, we demonstrate the detection rate changes before and
after the systematic processing and the experimental simulation on different datasets on
detection accuracy, respectively. The prediction accuracy rate has reached 95.75% and the
detection rate changes before and after the systematic processing is validated.

6 Conclusion

The paper discusses the thermal power generation fault diagnosis and prediction model based
on deep learning and multimedia systems. The safe and stable operation of electrical systems
not only ensures the continuity of electrical energy. Supply, and have a positive role in the
realization of the economic benefits of power plants. Therefore, during the electrical operation
of the power plant, it is necessary to be able to quickly detect the occurrence of electrical faults
and take appropriate measures in time to reduce the accident losses. Therefore, this paper

Table 4 The experimental simulation on different datasets on detection accuracy (%)

Data set No. [6] [9] [17] Proposed

1 87.945 92.485 93.032 95.463
2 85.265 90.365 93.522 95.402
3 86.352 90.269 93.351 95.231
4 88.032 90.864 93.465 94.215
5 88.565 92.512 92.230 95.468
6 88.485 91.570 93.251 95.956
7 88.798 91.251 93.079 95.320
8 87.523 92.035 92.865 95.025
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combines the deep learning model and the multimedia to propose the novel systematic
framework. Our future research will be focused on the implementation of the system.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.
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