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Abstract—Wireless technology possesses distinct technical 
and economic advantages in the design, construction, and 
operations management of nuclear power plants. To im-
prove the level of autonomy of nuclear power plants, we 
discuss the research on the international system of develop-
ing wireless technology applications for use in nuclear pow-
er plants. Further studies have enabled the extensive use of 
wireless technology in China’s nuclear power industry. The 
application of the proposed wireless sensor technology in 
nuclear power plants is based on reliability, environmental 
adaptability, electromagnetic compatibility, scalability, and 
maintainability requirements. Accordingly, the application 
will be a gradual process but wireless sensor technology 
needs to evolve continuously to meet these requirements. 
This study is designed to implement a thermal instrumenta-
tion calibration device using a Windows CE embedded 
operating system as the core of the test procedures in ac-
cordance with the relevant requirements. We also maximize 
the considerable reliability of an embedded operating sys-
tem in the traditional areas of metering industry. Results 
show that in using wireless technology in nuclear power 
plant, the general thermal instrumentation calibration ap-
plication of an intelligent device system is low, data accuracy 
is high, and the process is stable. 

Index Terms—Intelligent calibration, Nuclear power, Ther-
mal instrumentation, Wireless sensor networks 

I. INTRODUCTION 
The rapid development of nuclear power plants has re-

sulted in the increasing seriousness of addressing the 
problems related to these power plants. Thus, formulating 
an improved method to solve such problems is necessary. 
In particular, the use of wireless sensors possesses im-
mense advantage compared with conventional methods. 
For example, the use of these sensors in nuclear power 
plants can reduce costs immensely. In recent years, using 
wireless sensors has achieved good results in several nu-
clear power plants. The thermal instrumentation industry 
market demand is increasing rapidly, thereby continuously 
boosting demand for thermal instrumentation calibration 
devices. Thermal instrumentation calibration devices with 
purely manual operation are computer controlled. The 
objective of this study is to design a new thermal instru-
mentation calibration device that can resolve the maxi-
mum limit of the problems of the current version of these 
devices. This device uses a professional embedded system 
to replace the traditional, general purpose computer, as 
well as maximizes the embedded and highly specialized 

computer technology. A systematic verification device 
hardware is designed to meet the requirements of reducing 
production costs. Thus, the development of a new genera-
tion of thermal verification device can humanize and pro-
fessionalize the process of controlling nuclear power 
plants. Accordingly, we present a suite of algorithms for 
the self-organization of wireless sensor networks, in 
which several static nodes with highly constrained energy 
resources exist [1]. A wireless sensor network (WSN) has 
important applications, such as remote environmental 
monitoring and target tracking. Such applications have 
been enabled by the recent availability of sensors that are 
considerably small, inexpensive, and intelligent [2]. One 
of the fundamental issues in networks is coverage, thereby 
reflecting that a network is monitored or tracked by sen-
sors. [3]. Wireless networks, in which numerous resource-
limited nodes are linked via low band-
width wireless radios, have been the focus of exhaustive 
studies during the past few years [4]. Structural monitor-
ing, which is the collection and analysis of structural re-
sponse to ambient or forced excitation, is an important 
application of network-embedded sensing with significant 
commercial potential [5]. 

II. STATE OF THE ART 
In industrial production, a thermal instrumentation cali-

bration device with purely manual operation becomes the 
present computer-controlled operation. In the convention-
al verification process, the electricity is switched manually 
to standard thermocouple at different test points. It is the 
subject of the thermocouple thermoelectric power value 
and then records the results sheet. The verification steps 
entirely relying on manual operation are comprehensive 
but labor-intensive, involve extensive testing to calculate 
the amount of red tape, and inevitably result in human 
error. This scenario requires the operator to have consid-
erable experience and efficiency in utilizing this method. 
After the 1990s, the popularity and gradual emergence of 
the general purpose computer as the host computer has 
resulted in the development of an intelligent thermal in-
strumentation calibration system. The original system 
requires manual operation on the domestic market that is 
immensely streamlined by a dedicated software program. 
This system has an extensive communication among its 
various components. The recording process can be sent to 
the host computer for integrated treatment. Moreover, the 
testing and calibrating efficiency has been considerably 
improved because accuracy and repeatability are guaran-
teed. However, many problems still exist in the thermal 
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upgrading process verification equipment. These problems 
are significantly prominent in two aspects. First, the com-
puter has become a decisive factor in the entire device and 
involves many unpredictable problems, such as operating 
system instability, conflict between software, and comput-
er viruses. If the factory is not used for short-term repair, 
then it is bound to cause considerable economic losses to 
the producer in terms of the entire system maintenance. 
Repair and post-services have also caused enormous diffi-
culties. Therefore, the introduction of computer technolo-
gy provides convenience to users but causes an increase in 
equipment cost and maintenance workload to the manu-
facturers as well. Second, the modular thermal verification 
equipment provides a systematic, professional, and quali-
tative leap from that used in the past. However, within the 
limits of the R&D capabilities of domestic manufacturers, 
this device still lacks a completely systematic and profes-
sional design. Consequently, several key instruments still 
need outsourcing. The application of the test device mere-
ly includes a limited component of this type of instrument 
functions. Therefore, this immature design causes tremen-
dous waste. The significance of the current research lies in 
the design of a new thermal instrumentation calibration 
device. This device can address the current maximum 
limit of thermal instrumentation calibration device prob-
lems using professional embedded systems to replace the 
traditional general purpose computer. The proposed de-
vice uses embedded computer technology that is highly 
specialized, reliable, powerful, flexible, and convenient in 
the traditional areas of the metering industry (See figure 1, 
2). Furthermore, the systematic verification device hard-
ware is designed to meet the requirements of reducing 
production costs. 

III. METHODOLOGY 

A. Wireless Sensor Applications in Nuclear Power 
Plants 

Wireless sensor is already used in the application of 
wireless technology in nuclear power plants, such as in the 
areas of voice, video, remote environmental monitoring, 
storage management, and identification, among others. 
However, the control, protection, and monitoring by the 
sensors are rarely applied mainly because of electromag-
netic compatibility and data security. Regarding electro-
magnetic compatibility, the wireless transmission system 
may affect the normal operation of various equipment, 
including other strong electromagnetic interference trans-
mission equipment, in the nuclear power plant. In terms of 
data security, wireless transmission systems are more 
susceptible to inadvertent or deliberate intrusion of air 
than wired systems, thereby affecting normal data trans-
mission [6] (See figure 3). 

B. Nuclear Power Plants Using Wireless Sensor 
Requirements and Response Measures 

The application of a wireless transmission network in 
nuclear power plants must be considerably reliable, there-
by requiring various appropriate measures (See figure 4), 
such as anti-interference ability of the coding, modulation 
technology, efficient network topology control, and secure 
network protocols [7]. The current mainstream wireless 
sensor transmission uses BSPK, QSPK, and other coding 
methods to enhance immunity; uses spread spectrum 

communications and data encryption to improve data 
security; and introduces network collision avoidance and 
retransmission mechanisms to ensure normal network 
transmission. 

 
Figure 1.  nuclear power plants 

 
Figure 2.  nuclear power plants 

 
Figure 3.  Wireless sensor applications in nuclear power plants 
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Figure 4.  Nuclear power plant with wireless sensor operating mode 

C. Thermal Instrumentation Calibration Device 
Overview 

A thermal instrumentation calibration device is a spe-
cial measuring instrument for verifying and calibrating 
various working thermocouple industrial thermal re-
sistance, expansion thermometer temperature instrumenta-
tion, and various temperature sensors and transmitter [8]. 
The proposed device is compatible with the computer 
system, can automatically adjust the temperature meas-
urement, access control, acquire and process data, and 
report output in accordance with the test procedures and 
certificates [9] (See figure 5). 

D. Hardware Design 
In the current study, the most common thermocouple 

calibration and thermal resistance test draws the basic 
structure of the figure 6. 

The thermal test device is used as follows. 
The main function of this device is controlling the oper-

ation of the entire verification equipment and real-time 
communication with digital multi. An external controller, 

namely, RS232, is used to control the scanner [10]. In this 
case, the controller uses the S3C2410 industrial control 
panels and Windows CE 5.0 operating system, which is 
the control software for the specific test procedures. The 
scanner, stepping motor, and low potential scan switch 
constitute the main functions controlled by the microcon-
troller. These functions enable the internal DMM meas-
urement channels in standard thermocouple/RTD and 
thermocouples plurality of subjects. 

Between / heat resistance in order to switch, which is 
played thermocouple test procedures in the role of multi-
point switch, operation of the. 

 
Figure 5.  Thermal instrumentation calibration device 

 
Figure 6.  ARM9 Control 
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E. Software Design 
The software design mainly includes three parts. First, 

the PLATFUN 2 Builder 5.0 is suitable for the production 
of industrial ARM9 board, WINDOWS CE 5.0 operating 
system image is used, and commissioning is conducted to 
achieve its embedding. Second, the use of EVC realizes 
transplantation on the PC software. This will not only 
avoid the computer system to bring all. The bad image can 
also make the design of the entire device considerably 
systematic and professional [11, 12]. This design approach 
is the first case in the field of domestic metering. Finally, 
part of the source signal microcontroller program design 
and analyze the operating system [13, 14]. The source of 
the problem solving nonlinear least squares method using 
MATBAL software programming and obtained correction 
equation. In addition, the design process will be used once 
the algorithm least squares details are provided. The non-
linear compensation formula is as follows: 

( ) ( ) ( )Ty k h K e k!= + ,       (1) 

where ( )y K  and ( )Th K  are the observable data, the 
value of which can be obtained by conducting an experi-
ment; p is the parameter to be estimated; and ( )e k  is the 
error. Using the least squares method, the parameters to be 
estimated by the value of seconds should seek to make a 
difference to the square each time the observed and calcu-
lated values of the metric value is multiplied by its accura-
cy and minimum [15, 16]. Therefore, we take the follow-
ing criterion function: 
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We expand the formula and apply Equations (4) and 
(5): 
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where A is a symmetric matrix into a canonical equa-
tions as follows: 
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IV. RESULT ANALYSIS AND DISCUSSION 
From the requirements of the test procedures, debug-

ging the source requires the use of numerous bits than its 
digital multi [17, 18]. Using KEITHLEY 2000 (6!-
resolution) digital form as a detection device during de-
bugging, the median topic design source is determined to 
be five and a half. Given that the thermocouple is analog, 
the voltage signal simulation process is essentially based 
on thermal resistance [19, 20]; thus, the analog voltage 
level of accuracy should be measured first. Several prob-
lems are encountered during the analog voltage output: the 
dynamic response of the output value is not fast enough, 
changes cannot be immediately followed, and considera-
ble delay in the output signal. Thereafter, we determined 
that a few of the lower order filter source capacitors use 
ordinary chip capacitors. However, if the pressure is gen-
erally low, then it will replace all the polypropylene film 
capacitors after the problem is solved. On the left is the 
signal source and the right is the KEITHLEY2000 digital 
multi. At this time, the current source output is displayed 
at 1.00000 V. The KEITHLEY2000 digital table shows 
that the actual output measured value is 1.0000l V. Thus, 
the accuracy of the signal source is high. In addition, the 
debugging process temperature coefficient signal sources 
are tested; the test temperature coefficient is constant and 
humidity box cover. At 5 °C. Range of 45 oC, the output 
voltage does not change more than five words, far exceed-
ing the design requirements (in the range hood, the output 
voltage changes 5 °C –45 °C not more than 20 words). 
Therefore, the design of the signal source is successful. At 
the end of the verification, the program will automatically 
check the results stored in the database table that is equal-
ly 

TABLE I.   
THE LIST OF EXAMINING 

Check number Meter Personnel Result 
JYJL000000 YL0001 Automatically check Qualified 
JYJL000001 YL0001 Automatically check Qualified 
JYJL000002 YL0001 Automatically check Qualified 
JYJL000003 YL0001 Automatically check Qualified 

 

V. CONCLUSION 
This study mainly discusses the wireless sensor applica-

tions in nuclear power plants and application of thermal 
instrumentation calibration device based on an embedded 
system. To solve the current problem of thermal instru-
mentation calibration device, a professional embedded 
computer system is used to replace the traditional version. 
Currently, the PC operating system from the desktop 
Windows CE operating system should be changed, and 
the PC software porting and optimization should be com-
pleted. By maximizing the highly specific and embedded 
computer technology, we can easily and safely control the 
operation of nuclear power plants. 
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