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Abstract—Discrete manufacturing enterprise has a complex and varied pro-
duction process, resulting in the dynamic characteristics of manufacturing re-
sources. Aiming at the efficient collection and management of manufacturing
resource information, improving the intellectualization of enterprises with a re-
al-time resource positioning system based on wireless sensor network was pro-
posed. First, a perceptual model for resource positioning, which can collect and
analyze real-time resource information in the workshop, was designed. Second,
the architectural structure of a real-time resource positioning system was de-
signed based on wireless sensor network, and the resource positioning flow was
illustrated. Third, a multi-sensor positioning data fusion algorithm based on
fuzzy evidence theory was proposed to address the low positioning accuracy
caused by the electromagnetic interference and obstacle in the manufacturing
workshop environment. Finally, a prototype system was implemented to
demonstrate the validity of the method in practice.

Keywords—resource positioning, wireless sensor network, intelligent work-
shop, internet of manufacturing things

1 Introduction

The Internet of Manufacturing Things (IoMT) is a novel manufacturing model that
deeply integrates advanced manufacturing technology with electronic information and
intelligent sensor technologies; this integration is conducive for promoting the intel-
lectualization of the manufacturing process [1—3]. Discrete manufacturing enterprise
has various product specifications, complicated production processes, and numerous
suppliers and customers. Manufacturing resources such as raw materials, equipment,

96 http://www.i-joe.org



Short Paper—Real-time Resource Positioning System based on Wireless Sensor Network in Manufact...

tools, processing environments, and employees have dynamic characteristics [4,5]. To
effectively manage manufacturing resources, ensure production safety, and improve
production efficiency, as well as enhance the intelligent level of manufacturing, col-
lecting real-time resource positioning information is necessary.

The global positioning system (GPS) is affected by the constraints of the manufac-
turing workshop environment and the costs of installation; thus, it fails to effectively
solve the positioning problem in discrete manufacturing workshops. With the rapid
development of the wireless sensor network (WSN) technology, a low-consumption,
low-cost sensor node is applied in many fields [6—9], including smart group network,
smart industry, mine check and so on. However, the positioning system in manufac-
turing workshops has low accuracy because of the influence of electromagnetic inter-
ference and obstacle in such environment.

To locate manufacturing resources and to improve the positioning accuracy in
workshops, this paper first proposes a perceptual model for resource position. Second,
the architectural structure of a real-time resource positioning system is designed based
on the perceptual model, and a multi-sensor positioning data fusion algorithm is then
presented. Finally, a prototype system is implemented and demonstrated the solution
is feasible and efficient.

2 Perceptual Model for Resource Positioning

To satisfy the requirement of the workshop resource positioning in discrete manu-
facturing enterprises, the interconnection between the automatic control equipment
and the manufacturing execution systems of the workshop is realized using IoMT
technologies.
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Fig. 1. Perceptual model for resource positioning in manufacturing workshops
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The perceptual model for resource positioning in manufacturing workshops, which
is based on the intelligent workshop wireless acquisition terminal, is presented in Fig.
1. According to the matched effective resource tags, the real-time acquisition and
analysis of the resource information in the workshop is realized. By improving the
integrity of the manufacturing data and strengthening the management and business
application of manufacturing information, the proposed model can monitor and ana-
lyze the manufacturing process, predict product quality, and provide reference for
decision-makers.

3 System Structure and Principle

The real-time resource positioning system based on wireless sensor network is
mainly composed of hardware and software systems. The hardware system includes
tags, readers, uninterruptible power supply, network communication equipment and
management servers. This system is used to identify and collect manufacturing re-
source data, such as employee, material, and storage information. The collected in-
formation is transmitted to the location software system for analysis and processing
through a wireless communication network. The software system is mainly utilized
for data acquisition, processing, display, and storage. Furthermore, the software sys-
tem can communicate with the enterprise resource management and manufacturing
process control systems to transmit data through the data integration interface. Work-
shop managers can visually obtain the statuses of manufacturing resources through
the graphical interface of the software.

The workshop environment has strong electromagnetic interference with widely
distributed data collection points. Considering the actual demand, as well as the relia-
bility, real-time capability, and scalability of the system, a real-time resource position-
ing system was proposed based on WSN. The architectural structure of the system is
shown in Fig. 2.
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Fig. 2. Architectural structure of the resource positioning system
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A working flow chart of the system is shown in Fig. 3. After entering the position-
ing network, positioning tags are activated upon receiving the identification signal
sent out by the synchronization controller. When the activated tags receive the work-
ing signal, it will send out real-time wireless signals. Readers receive the signals from
the tags through the antenna, and the signals that arrived at different times are pro-
cessed to generate the time difference data packets. Data packets are transmitted to
the synchronization controller through the network. The positioning server then calcu-
lates the position of the tag according to the data packets. The practical application of
the measurement data of each sensor is not completely reliable due to interference
from the working environment and human factors. A large deviation measurement or
even wrong information will affect the accuracy of data fusion and even lead to
wrong fusion results. To solve this problem, multi-sensor position data fusion algo-
rithm is designed. According to the measured position values obtained from multiple
base stations, the system can improve positioning accuracy by filtering and fusing
redundant information among multiple sets of measurements.
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Fig. 3. Resource positioning flow chat

4 Multi-sensor Positioning Data Fusion Algorithm
The positioning system can simultaneously obtain multiple sets of measurements

from the same tag by increasing the number of base stations. To locate a material in
the workshop, the real-time measurement data of the location system are Z; = (x;, ¥;) (i
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=1, 2, ..., n). Based on the principle of evidence theory, all measurements {Z,, Z,,...,
Z,} are used as discernment frame O, and then converted into evidence for further
combination. Owing to the influence of ambient noise and the accuracy of sensors, the
measurements can be regarded as the superposition of the true value and the noise. All
the measurements within the normal deviation range are constantly centered on the
true value and scattered in the neighborhood. The measurement error of sensors ap-
proximation obeys a normal distribution, and we selected the normalized distribution
function as the membership function.

w; is defined as the membership degree of Z; to Z; for the measurement Z; in the
identification frame.

" = e-[(xf-xf) (32, ] 0

The larger the u;;, the nearer Z; is to Z;, which indicates that Z; has a higher degree
of support to Z;. On the contrary, it has a lower degree of support. To the discernment
frame O, the membership degree matrix of n measurements for each other is given as:

W, w, L u,
My My Lo,

U= 2
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Membership degree vector p{i=1,2,...,n) is the i-th row of the membership matrix
U, p=(w1, Wo,-.., Un), which indicates the membership degree vector of Z; to the

discernment frame 6. The length of vector | D - pl.| is called the Euclidean distance

of p; and p;, which represents the confidence distance measure of Z; and Z, and it is
denoted by:

dy=|p. - - 3)

The confidence distance of any two measurements should be symmetric; thus, d;; =
d;;, and the confidence distance from Z; to Z; is equal to the confidence distance from
Z; to Z;. The higher the confidence distance value, the greater the difference and the
lower the mutual support between Z; and Z;.

The mean square Euclidean distance of Z; to all measurements is s;, which refers to
the difference degree between Z; and other measurements.
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A smaller s; indicates that Z; has minimal difference with others, which means that
Z; has a high degree of reliability. On the contrary, a larger s; represents the singulari-
ty of measurement Z;; thus, it has low credibility.

Based on the reliability evaluation of the measurements, a basic trust assignment
method is proposed to convert Z; to evidence e;. If the mean square Euclidean distance
of the measurement is too large, then it has a large deviation that should be removed.
Otherwise, it is an effective measurement, and the basic trust allocation should meet
the following formula:

1

05 5 g o
mi(zﬂ) i

m.(Zj)=0,sj > s

where Z;; and Z;, are any two valid measurements, and ¢ is the threshold coefficient.
After a number of groups of data fusion experiments, a generally better result is ob-
tained by taking d = 1.25. In the actual operation of the process, (6) is used to obtain
the set of confidence coefficients {w;}(i=1,2,...,n).

Confidence coefficient is used to normalize and to revise the weight of the mem-
bership degree of each measurement. The basic trust assignment is then obtained, and
the measurement value is completely transformed in the evidence conversion.

m,(Zj)=wju,j /iwkluik (7
=1

Equation (7) meets the quality of the basic trust distribution function in evidence
theory. This method reduces the influence of a large deviation measurement on the
fusion by evaluating the reliability of the sensor.

A high degree of conflict between the generated evidence, which leads to the para-
dox of inference results, may be observed. Thus, the probability of supporting evi-
dence conflict is distributed to each measurement in the evidence combination process
using the combination formula (8).

()= [m (2)+em,(2). ®

where c is the conflict factor.

c=1—2‘ m,(x,) 9
=l j=
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n_1/. (Zl. )is the mean value of basic trust assignment of Z; in the evidence.
1 n
m; (2,)=—>m(Z) (10)
=

The combined evidence m(Z;) is the weight coefficient of Z;. Finally, the position
data fusion result is

Z, =iZ,m(ZI.) (11)
i=1

5 System Implementation

The real-time resource positioning system uses the hierarchical B/S structure de-
sign, Visual Studio 2015 as the development platform and C# as the programming
language. The resource position scenario is constructed based on Geographic Infor-
mation System. The system development includes the interface design and implemen-
tation, the database, and the software functions. The function module is mainly divid-
ed into the information management, real-time positioning, management, and re-
source tracking modules. Parts of the system application interface are shown in Fig. 4,
where (a) is the manufacturing resource heat map and (b) is the manufacturing re-
source positioning and tracking map.

6 Conclusion

Based on the wireless data acquisition terminal in the intelligent workshop, this
paper established a resource positioning perceptual model. The architectural structure
of real-time resource positioning system was designed based on WSN, and the re-
source positioning flow was illustrated. To improve the positioning accuracy of the
system, a multi-sensor positioning data fusion algorithm was proposed. Finally, the
position system was developed. In the following work, how to use resource data to
monitor and analyze the manufacturing process and provide reference for decision-
makers will need to be further study.
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(a) Manufacturing resource heat map
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(b) Resource positioning and tracking map
Fig. 4. Part of the system application interface
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