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Abstract

Under the background of modern industrial processing and production, the sintering fur-

nace’s temperature control system is researched to achieve intelligent smelting and reduce

energy consumption. First, the specific application and implementation of edge computing

in industrial processing and production are analyzed. The industrial processing and produc-

tion intelligent equipment based on edge computing includes the equipment layer, the edge

layer, and the cloud platform layer. This architecture improves the operating efficiency of the

intelligent control system. Then, the sintering furnace in the metallurgical industry is taken

as an example. The sintering furnace connects powder material particles at high tempera-

tures; thus, the core temperature control system is investigated. Under the actual sintering

furnace engineering design, the Distributed Control System (DCS) is used as the basis of

sintering furnace temperature control, and the Programmable Logic Controller (PLC) is

adopted to reduce the electrical wiring and switch contacts. The hardware circuit of DCS is

designed; on this basis, an embedded operating system with excellent performance is trans-

planted according to functional requirements. The final DCS-based temperature control sys-

tem is applied to actual monitoring. The real-time temperature of the upper, middle, and

lower currents of 1# sintering furnace at a particular point is measured to be 56.95˚C,

56.58˚C, and 57.2˚C, respectively. The real-time temperature of the upper, middle, and

lower currents of 2# sintering furnaces at a particular point is measured to be 144.7˚C,

143.8˚C, and 144.0˚C, respectively. Overall, the temperature control deviation of the three

currents of the two sintering furnaces stays in the controllable range. An expert system

based on fuzzy logic in the fault diagnosis system can comprehensively predict the situation

of the sintering furnaces. The prediction results of the sintering furnace’s faults are closer to

the actual situation compared with the fault diagnosis method based on the Backpropaga-

tion (BP) neural network. The designed system makes up for the shortcomings of the sinter-

ing furnace’s traditional temperature control systems and can control the temperature of the

sintering furnace intelligently and scientifically. Besides, it can diagnose equipment faults

timely and efficiently, thereby improving the sintering efficiency.
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Introduction

Industrial processing and production involve various equipment and thousands of key compo-

nents. The failure of any component will severely impact the entire industrial production and

cause huge production losses [1]. The normal operation of processing and production equip-

ment and the interaction between components require real-time status detection of the equip-

ment. Because traditional manual detection methods have low efficiency and large errors,

sensors are added to detect key components’ status and provide real-time feedback for intelli-

gent automated control of industrial production [2–4]. Automated control is based on data

calculation. In the industrial Internet of Things (IoT), cloud computing technology based on

big data is widely applied. At the current stage, smart industrial production plants depend on

the data collected by sensors on industrial equipment; these data are reported to the cloud for

calculation and processing by the processor, and solutions are obtained and downloaded in

real-time [5]. However, computer technology has been developing rapidly; the Fifth-Genera-

tion (5G) and even the future Sixth-Generation (6G) bring much more equipment on the net-

work edge; thus, the exponentially increased network data require powerful calculation

methods. Edge computing is a computing center between cloud servers and edge equipment,

responding quickly to requests from edge equipment [6, 7]. Therefore, the equipment can be

controlled via edge computing during industrial processing and production, thereby promot-

ing the efficient progress of industrial production.

In the metallurgical industry, powder metallurgy materials have always been indispensable

industrial materials in medicine, railways, and military fields [8]. The sintering furnace is the

central equipment in the powder metallurgy industry, a piece of high-energy-consuming

equipment that makes the powder compact to obtain the required mechanical properties and

microstructure via sintering [9]. Due to the high requirements for intelligent equipment con-

trol based on edge computing, the temperature control of sintering furnaces is also a vital link

worthy of in-depth study. A sintering furnace is a furnace for bonding powder material parti-

cles at high temperatures to forge denser composite materials. The powder metallurgy produc-

tion process includes material mixing, forming, sintering, and reshaping [10]. Sintering is the

most crucial link to overall energy consumption.

Meanwhile, the temperature distribution during sintering will directly affect the final sin-

tering quality. Therefore, precise control of the sintering furnace temperature is the basis for

completing the powder metallurgy sintering task. The Distributed Control System (DCS)

adopts distributed control and centralized operation and management. It combines computer

technology, system control technology, communication technology, and multimedia technol-

ogy to control the advanced and complicated laws.

To improve the production efficiency of industrial products, the industrial field has gradu-

ally begun to attach importance to edge computing and put it into use in actual production.

The idea of the edge computing intelligent body is introduced based on DCS. The Programma-

ble Logic Controller (PLC) is adopted for the automatic control of the sintering furnace tem-

perature. A fault prediction model based on fuzzy logic is proposed to accurately diagnose the

faults of the sintering furnaces, and timely adjust the temperature of the combustion chambers,

ensuring that the temperature of the sintering furnace is controlled within the target value

range. Furthermore, the sintering furnace’s temperature control system can maintain excellent

and stable performance. Innovatively, advantages of edge computing, namely the capability of

real-time processing and latency reduction, are organically combined with industrial intelli-

gent equipment for the intelligent control of production. According to the process and charac-

teristics of the sintering furnace, the PLC technology and configuration software are
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organically combined to develop a set of an automatic temperature control system for the sin-

tering furnace suitable for modern industrial production.

Related work

Sintering ignition is a vital step in the sintering process and the starting point of the entire

combustion process. In the case of unstable air pressure, stabilizing the ignition temperature of

sintering has significant economic and scientific value. Du et al. [11] proposed an intelligent

control strategy based on the ignition temperature prediction for the ignition process of iron

ore sintering. Combining the mechanism analysis method and the data-driven method, they

established an ignition temperature prediction model. Then, the control mode was determined

according to the actual operating experience. The intelligent controller for the ignition temper-

ature was designed to obtain the required gas flow, and the gas flow controller was used for sta-

bilization. To improve the quality of Selective Laser Sintering (SLS) components and simplify

their application process, temperature fluctuations must be resolved. Phillips et al. [12] intro-

duced a method to actively control the laser flux on the powder surface based on infrared tem-

perature measurements. Controlling the energy input by the laser could achieve a high degree

of control over the temperature of the final component, whose uniformity could be improved

as well. For specimens of constant cross-section, the standard deviation of ultimate flexural

strength increased by 45%.

Temperature maintenance is a crucial problem in current automatic control systems.

KIlyushin and Golovina [13] developed a comprehensive technique for nonlinear controllers

to stabilize the temperature field of the controlled object. The final controller allowed the crea-

tion of an adaptive control system to maintain the temperature field. Temperature process

control was an indispensable component in the industrial engineering field. Generally, indus-

trial processes can be simulated through Proportional-Integral-Derivative (PID) controllers

and various adjustment methods. Nazarudin et al. [14] designed a process control experiment

and a primary temperature control process experiment. The Ziegler-Nichols process response

curve was applied to adjust the controller, and the final gain and response of the temperature

control were analyzed by analyzing the proportional band, integral band, and derivative band

values to make a decision on PID adjustment.

The above analysis reveals that to improve the performance of the sintering furnace in the

metallurgical industry, the temperature should be controlled through the predictive model to

ensure the regular operation of the sintering furnace. However, the process is often compli-

cated. Therefore, in the present work, edge computing, an emerging technology to intelligent

industrial equipment, is explored to improve the system’s data analysis and processing capabil-

ities, thereby providing accurate prediction and control of the temperature of the sintering

furnace.

Materials and methods

Industrial processing and production intelligent equipment for edge

computing

Edge computing technology is on the rise; its significant developments will significantly impact

the infrastructure, networks, and analytics. Edge computing brings processing to the equip-

ment or gateways on the network. The basic concept is driven by the following ideas: (1) par-

ticular types of processing must be performed with minimal latency to feedback the processes,

such as local analysis, robot functions, and sensor operations. (2) Powerful edge equipment

and gateways can compress data for transmission to the cloud, perform preprocessing or
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processing, and coordinate autonomous tasks without having to access a central computer. To

better formulate the standards for edge computing, the European Telecommunications Stan-

dards Institute revised the name of “mobile edge computing” workgroups with industry speci-

fications into “multi-access edge computing” [15–17].

The interaction between cloud computing and factory equipment has slow information

transmission and high bandwidth. Introducing edge computing into the cloud computing-

based industrial intelligent equipment architecture can deploy the cloud’s core capabilities to

the terminal, allowing industrial equipment to respond quickly and efficiently. Edge comput-

ing is closely connected to the continuous development of IoT and the launch of 5G mobile

networks [18]. Analysis and data may encounter major new opportunities and challenges.

Hence, supporting infrastructure must be established, new security requirements must be put

forward, and new models are needed to process IoT data. The constructed industrial process-

ing and production intelligent equipment architecture is divided into three layers: the equip-

ment layer, the edge layer, and the cloud platform layer, as shown in Fig 1.

The equipment layer is responsible for the perception, acquisition, and monitoring of pri-

mary data, including the status of industrial processing and production equipment and the

operating environment. The equipment layer is the key to status perception and control imple-

mentation in the intelligent equipment architecture. Different processing equipment and com-

ponents include power supplies, controllers, inverters, power and transmission devices, and

other necessary devices [19]. The equipment layer may not have computing capabilities; never-

theless, it must accurately perceive and collect data via the equipment layer to ensure the oper-

ation of the control system. The edge layer includes network interconnection, protocol

conversion, data storage, edge computing, and data analysis [20]. In an edge computing net-

work, each layer can receive the intelligent equipment data collected by sensors in its upper

layer, process heterogeneous data upwards, schedule different computing tasks, and deploy the

algorithm library at the cloud platform layer. If an abnormal status of the equipment or com-

ponent is detected at the edge layer, the edge layer will issue an adjustment command to the

component after the current status is calculated. A remote expert system is deployed at the

Fig 1. The overall architecture of industrial processing and production intelligent equipment based on edge

computing.

https://doi.org/10.1371/journal.pone.0253246.g001
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cloud platform layer to provide a rich knowledge system and experiences, make in-depth rea-

soning and decision-making on the analysis results, and process various issues effectively.

Moreover, the cloud platform layer can display the status data of intelligent equipment and

components in real-time, and users can openly and transparently understand the overall status

of industrial processing and production [21]. The cloud platform can also share real-time data

to the mobile PC via the Web terminal, ensuring that the industrial processing and production

information can be viewed at any time.

While processing initial redundant data, the cloud platform based on edge computing

shortens the distance between the equipment layer and the computing center, saves bandwidth

resources, and improves the operating efficiency of the intelligent control system. The edge

computing technology is applied to the intelligent equipment architecture, and the isolated ini-

tially equipment information is integrated. The specific workflow is presented in Fig 2.

The overall architecture of the sintering furnace’s temperature control

system

A sintering furnace is a heating tool composed of a furnace body, a furnace bottom, a vacuum

system, a heating mantle, and a temperature control system. The sintering furnace control sys-

tem regulates temperature, pressure, and vacuum. The overall structure of the control system

is displayed in Fig 3, including control cabinets, heating cabinets, and transformer cabinets. In

Fig 2. Intelligent equipment workflow based on edge computing.

https://doi.org/10.1371/journal.pone.0253246.g002

Fig 3. Logical relationship of control system.

https://doi.org/10.1371/journal.pone.0253246.g003
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terms of temperature control, four-way separated control is adopted to avoid the uneven tem-

perature field of the sintering furnace as much as possible due to the relatively large heat dissi-

pation of the furnace roof, furnace door, and furnace body. The current output from

connecting the high-precision digital meter FP93 and the thermocouple is employed as the

control signal. The heater is controlled by regulating the output power of the power regulator.

In terms of pressure control, the pressure signal collected by the pressure sensor is transmitted

to the PLC controller through the transmitter for closed-loop Proportion Integration Differen-

tiation (PID) control [22, 23]. In terms of vacuum degree control, the vacuum system and PLC

controller are used simultaneously to roughly extract the sintering furnace first and then per-

form refined extraction after heating and pressuring specific requirements.

The sintering furnace’s temperature control system adopts closed-loop control, takes the

expected sintering furnace temperature as the set value, converts the feedback information

measured by the temperature sensor into a digital quantity, compares the difference between

the quantity of preset temperature and feedback temperature, and sends the result into the

PID controller. Afterward, a voltage signal is output to control the relay after arithmetic pro-

cessing, thereby controlling the furnace temperature [24, 25]. The sintering furnace’s tempera-

ture control system is illustrated in Fig 4. It uses a thermocouple extension module that

integrates temperature acquisition and data processing, with automated linearization process-

ing and cold junction compensation functions.

The workpiece undergoes three processes in the sintering furnace. The system controls the

three-stage temperature inside the sintering furnace: heating and temperature rising—heat

preservation—heating termination. Each step should meet the technical requirements of pro-

cess production control [26]. First, the sintering furnace must allow three control temperature

characteristic curves for processing and production, as presented in Fig 5. The sintering fur-

nace adopts the electric heating sintering method.

Fig 4. Three control temperature characteristic curves.

https://doi.org/10.1371/journal.pone.0253246.g004

Fig 5. Three control temperature characteristic curves.

https://doi.org/10.1371/journal.pone.0253246.g005
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Moreover, the temperature is monitored at the three positions (upper, middle, and lower)

of the furnace to achieve the equilibrium of furnace temperature. However, due to the electric

heating source’s different heat transfer characteristics at the three points in the furnace, control

measures must be taken to avoid significant differences in the three points’ rising temperature

values. During the temperature rising stage, an isothermal point can be set. Thus, the three

points’ rising temperature can reach an equilibrium between the temperature differences at

the isothermal point. The compulsory adjustment method that reduces the overshoot tempera-

ture and the incremental PID control method can be employed to meet automatic temperature

control requirements during the heat preservation stage.

The DSC-based temperature control system

DCS is a comprehensive control system that conforms to the requirements of modern large-

scale industrial production automation. It takes the microprocessor as the core and combines

multi-disciplinary expertise, such as computer technology, system control technology, and

multimedia technology. The information of each scattered point is collected and concentrated

via the data channel, and the temperature of the sintering furnace is controlled through moni-

toring and operation [27, 28]. DCS is presented in Fig 6, including an industrial computer and

PLC controller in the control room, temperature controller, communication between indus-

trial computer and PLC (using PrefilBus communication bus), and communication between

PLC and temperature controller (using 485 communication bus). The PLC controller’s inter-

nal circuit in DSC adopts advanced anti-interference technology, with extremely high reliabil-

ity and scalability [29]. In the system using PLC as the controller, the electrical wiring and

switch contacts are significantly reduced compared with the relay system of the same scale.

Hence, the fault rate of the system will also be reduced.

The open-loop prediction model of the management layer is integrated into the industrial

computer. The open-loop prediction model of the management layer is expressed as follows:

uðkÞ ¼
1

ĥ1

yrðkþ 1Þ�
XN

j¼2

ĥj � uðkþ 1 � jÞ

( )

ð1Þ

Fig 6. Three control temperature characteristic curves.

https://doi.org/10.1371/journal.pone.0253246.g006
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In (1), u(k) refers to the control increment at time k, yr(k+1) represents the reference trajec-

tory at time k+1, hj describes the temperature value collected at time j in the internal model,

and u(k+1-j) signifies the control sequence applied before time k, including the control quan-

tity applied before time k, and the control quantity to be obtained at time k and thereafter.

On each temperature controller, a closed-loop prediction model and a fault prediction

model of the field control layer are integrated; the expression of the closed-loop prediction

model of the field control layer is described in Eq (2):

uðkÞ ¼
1

ĥ1

yrðkþ 1Þ � ½yðkÞ � ymðkÞ� �
XN

j¼2

ĥj � uðkþ 1 � jÞ

( )

ð2Þ

In (2), y(k) represents the output measurement of the actual process at time k, and ym(k)
refers to the output value of the prediction model at time k.

Fault diagnosis and fault-tolerance control of sintering furnace

Components of the sintering furnace to be diagnosed include the detection channel, the sen-

sors, the communication channel, the implementation channel, and the sintering furnace. The

fault detection procedure is as follows: (1) determining whether the detection channel and sen-

sor are faulty as per the temperature value output by the temperature controller; (2) detecting

whether the communication channel is faulty using the delay query method; (3) performing

unit step perturbation on the fault prediction model, and detecting whether the execution

channel and the sintering furnace are faulty as per the difference between the output change of

the fault prediction model and the actual change [30]. This system introduces fuzzy logic into

the parameter-changing process of the sintering furnace. It also combines expert domain

knowledge rules to predict the status of the sintering furnace comprehensively. The diagnostic

structure of the system is displayed in Fig 7.

(1) Determining whether the detection channel and sensor are faulty: the detection channel

is the data transmission path between the sensor and the temperature control device. Whether

the temperature value output by the temperature control device is the value under the open-

circuit status and the short-circuit status is determined. If the judgment result is “Yes,” the

detection channel and the temperature sensor are faulty.

(2) Detecting whether the communication channel is faulty: “communication channel”

refers to the communication path from each temperature controller to the industrial

Fig 7. Diagnostic structure of sintering furnace’s fuzzy expert system.

https://doi.org/10.1371/journal.pone.0253246.g007
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computer. It detects the time to transmit the test signal from each temperature controller to

the industrial computer. If the transmission time is greater than the set time threshold, the

communication channel will be judged to be faulty. Otherwise, the communication channel is

normal.

(3) Detecting whether the execution channel and the sintering furnace are faulty: if the amount

of change output by the fault prediction model and the actual amount of change are greater than

the set threshold, the implementation channel and the sintering furnace are faulty.

Assuming that a temperature controller in the sintering furnace DCS controls four sinter-

ing furnaces at most. An internal model for the temperature controller to control four sinter-

ing furnaces, an internal model for the temperature controller to control three sintering

furnaces, an internal model for the temperature controller to control two sintering furnaces,

and an internal model for the temperature controller to control one sintering furnace are

established, respectively. The temperature controller that controls four sintering furnaces is

taken as an example for the detailed description. Suppose the Analog Current (AC) voltage is

applied to four sintering furnaces in the offline status. In that case, the temperature values are

collected sequentially when these sintering furnaces are online according to the set sampling

cycle until the temperature of the collection point reaches the steady-state position. The

steady-state position indicates that the temperature of the collection point has reached the pre-

set temperature value. The N temperature values collected at time N constitute the internal

model of the sintering furnace. The internal model is stored in the database of the industrial

computer as a table. Data collection in the online state is that the industrial computer automat-

ically completes the above tasks through the sampling program. The internal model of each

sintering furnace is acquired under the condition that the test conditions are almost the same,

thereby reducing the error of the fault prediction model.

A DCS for sintering furnace temperature is constructed, and system fault diagnosis and

fault-tolerance control are achieved based on this system. Under the condition of not increas-

ing any hardware cost, the sintering furnace system’s fault self-diagnosis and fault-tolerance

control functions are achieved through the integrated software algorithm in the system,

thereby reducing the system maintenance personnel requirements and maintenance costs and

improving the reliability of the sintering furnace system simultaneously [31, 32]. The expres-

sion of the fault prediction model is shown in Eq (3):

ymðkþ iÞ ¼
XN

j¼1

ĥj � uðkþ i � jÞ ð3Þ

In (3), N represents the cut-off step length, ym(k+i) refers to the output value of the predic-

tion model at the time (k+i), hj describes the temperature value collected at the j-th time point

in the internal model, and u(k+ij) describes the control sequence. When i<j, the sum repre-

sents the prediction of the input change sequence’s effect on the output before time k; when I
>j, the sum represents the prediction that the output is affected by the future input sequence.

For the ease of application, the fault prediction model can also be rewritten in incremental

form, which is expressed as follows:

ymðkþ iÞ ¼ ymðkþ i � 1Þ þ
XN

j¼1

ĥj � Duðkþ i � jÞ ð4Þ

Duðkþ i � jÞ ¼ uðkþ i � j � 1Þ ð5Þ
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In the case where one temperature controller controls multiple sintering furnaces, the out-

put change of the fault prediction model is calculated based on the internal model of the tem-

perature controller controlling the sintering furnaces. The temperature change based on the

fault prediction model’s output is between (N-1) the temperature change of the internal model

corresponding to the (N-1) sintering furnace and the temperature change of the internal

model corresponding to the N sintering furnace. Then, the number of fault implementation

channels is M-(N-1). M represents the number of sintering furnaces controlled by the temper-

ature controller. A sintering furnace and the data transmission channel between the sintering

furnace and the temperature controller constitute an implementation channel.

Simulation experiment

The DCS hardware circuit is designed; an embedded operating system with good performance is

transplanted according to functional requirements, improving development efficiency. An

embedded sintering furnace temperature control system is designed, including the following six

tasks: temperature acquisition, output control, control strategy, button setting, terminal display,

and fault alarm. The experimental device includes the console (LPC1788 control platform and

PC) and the controlled object (heating furnace, temperature sensor, and power regulator).

Results and discussion

Result of sintering furnace temperature control based on DCS control

system

The furnace temperature is acquired by the temperature sensor of the thermistor PT100, and

the collected real-time temperature is converted into a standard current signal through the

A/D conversion module. Finally, the corresponding temperature is displayed. The designed

embedded sintering furnace’s temperature control system can control the temperature in two

modes: manual and automated. The mode switch button in the parameter adjustment inter-

face can adjust the temperature increase or decrease, completing the precise control of the

temperature. Finally, the requirements on the temperature control function are met through

continuous debugging. The accuracy is controlled to ±1˚C. The objects of this experiment are

1# and 2# sintering furnaces. After the parameters are set, the program is run, and the online

monitoring is started. The curves of the sintering furnace during the heating process are

shown in Fig 8. The real-time temperature of the upper, middle, and lower currents of 1#

Fig 8. Real-time temperature curves during the heating of sintering furnace.

https://doi.org/10.1371/journal.pone.0253246.g008
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sintering furnace at a particular point are 56.95˚C, 56.58˚C, and 57.2˚C, respectively. The real-

time temperature of the upper, middle, and lower currents of 2# sintering furnaces at a partic-

ular point is 144.7˚C, 143.8˚C, and 144.0˚C, respectively. Three currents’ overall temperature

control deviation stays in the controllable range in the two sintering furnaces, which meets the

design requirements. The temperature control curve interface displays the real-time tempera-

ture and the trend of temperature changes. The temperature control curve obtained under

DCS is presented in Fig 9.

Results of sintering furnace fault diagnosis

Faults of the sintering furnaces are simulated, including the sensor faults, the communication

channel faults, and the implementation channel faults. The fault diagnosis needs to be based

on data analysis. If the monitored sintering furnace data come from the scene, the data are col-

lected and stored in the server database through the receiving module; then, the data are dis-

tributed to the online monitoring and fault diagnosis module by Ethernet. The final diagnosis

result is obtained and stored in the information database. If the monitored sintering furnace

data come from the database model, the data will be taken out of the offline modeling database

directly at the set time to simulate the on-site collection for online monitoring. The 2# sinter-

ing furnace is taken as an example, and the online monitoring results obtained are shown in

Fig 10.

According to the obtained online monitoring results of the sintering furnace, the fault

cause of the sintering furnace can be determined by comparing the monitoring value with

the upper and lower limits. Five sets of data are used to diagnose the abnormal tempera-

ture of the sintering furnace through the fuzzy expert system. The proposed diagnosis

method is compared with the method based on the BP neural network to prove its reliabil-

ity. The results are presented in Fig 11. BP neural network takes the fault factor as input to

construct the neural network prediction model. Because the data structure of the fault fac-

tor of the sintering furnace is complicated, the final fault diagnosis accuracy is lower than

that of the fuzzy expert system. During the fault diagnosis process, each sub-fault diagnosis

is equivalent to a sub-expert system. The entire fault diagnosis expert system and its sub-

systems are integrated to construct a complicated process control integration model to

achieve the distributed fault diagnosis.

Fig 9. Temperature control curves obtained under the DCS system.

https://doi.org/10.1371/journal.pone.0253246.g009
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Fig 10. Online monitoring results of 2# sintering furnace.

https://doi.org/10.1371/journal.pone.0253246.g010

Fig 11. Comparison of two fault detection methods for sintering furnace.

https://doi.org/10.1371/journal.pone.0253246.g011
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Discussion

Modern industry requires real-time control of production and processing equipment and

components for fault diagnosis and energy saving. Edge computing technology is intro-

duced to solve cloud servers’ limited processing capacity in the cloud computing-based

intelligent equipment architecture so that industrial equipment can respond and process

quickly without connecting to the cloud. The structure and working model of the sintering

furnace in the metallurgical industry are analyzed after discussing intelligent industrial

equipment feasibility. Temperature control is the vital link to the sintering furnace control

system. According to the sintering furnace’s technological characteristics, DCS, PLC con-

troller, and configuration software technology are organically combined. Then, the

embedded thinking is introduced, and a temperature control system of sintering furnaces

suitable for modern industrial production is developed. In the meantime, the sintering fur-

nace temperature DCS is applied to achieve fault self-diagnosis and fault tolerance control

in the sintering furnace system through the integrated software algorithm. At present, tra-

ditional regular maintenance and fault diagnosis solutions cannot effectively detect poten-

tial failures of industrial equipment. When machine learning technology is applied to data

analysis and fault diagnosis, the original data will first be denoised. The denoised data are

sparsely coded to train the dictionary, and the final potential faults will be identified and

classified by the Support Vector Machine (SVM) [33]. This is also a valuable research

direction for fault detection in industrial production systems.

To verify the reliability of the designed sintering furnace temperature control system, tests

on two sintering furnaces reveal that the DCS-based temperature control system can meet the

functional requirements and control the accuracy to within ±1˚C. The three currents’ overall

temperature control deviation in the two sintering furnaces is within the controllable range,

meeting the design requirements. In the fault diagnosis system for sintering furnaces, fuzzy

logic is introduced into the sintering furnace’s parameter-changing process to comprehen-

sively predict the status of the sintering furnaces combined with expert domain knowledge

rules. The final fault diagnosis accuracy is significantly improved, which is closer to the actual

situation compared with the fault diagnosis method based on BP neural network. Yavuz and

Cumali [34] transferred the temperature and relative humidity data in industrial automation

to Matlab/Simulink through PLC. Then, they used PLC to communicate with the microcon-

troller and obtain the required output in the best possible way. On this basis, PLC and DCS are

combined in the present work to design the temperature control system.

Conclusion

In the present work, the controlling idea of the edge computing intelligence agent is intro-

duced based on the DCS control system; then, PLC is utilized to automatically control the tem-

perature of the sintering furnace. The results obtained have significant value for the following

research on intelligent control in industrial processing and production. Nevertheless, there are

several shortcomings in the research. The temperature field simulation is performed in an

ideal state. In reality, the temperature field in the sintering furnace should consider the exter-

nal environment’s interference factors, which will be discussed in the future.
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34. Yavuz Ü, Cumali K. Real-Time Communication between S7-1200 PLC and Matlab/Simulink and a

Fuzzy Logic Temperature Humidity Control Application[J]. Scientific Journal of Mehmet Akif Ersoy Uni-

versity, 2019, 2(1): 7–14.

PLOS ONE Design and fault diagnosis of DCS sintering furnace’s temperature control system

PLOS ONE | https://doi.org/10.1371/journal.pone.0253246 July 6, 2021 15 / 15

https://doi.org/10.1016/j.isatra.2016.11.006
https://doi.org/10.1016/j.isatra.2016.11.006
http://www.ncbi.nlm.nih.gov/pubmed/27894701
https://doi.org/10.1016/j.ceramint.2017.12.006
https://doi.org/10.1016/j.ceramint.2017.12.006
https://doi.org/10.1371/journal.pone.0253246

