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Abstract—The development of the fifth-generation (5G) com-
munication technology is promoting the overall improvement
of the Industrial Internet of Things (IIoT), and is accelerating
the pace of the fourth industrial revolution. There lie problems
in the IIoT, such as complex industrial field environment and
diverse transmission information. It is difficult for us to collect
and process massive real-time data for various devices in a
timely, reliable, and efficient manner. In order to investigate
and mitigate the above problems, we construct a general IIoT
Dataset Generator based on a multi-sensor transmission and
fusion architecture. The Dataset Generator has advantages such
as good privacy, simple development and strong mobility. As
an example, we use sound sensors and accelerometers to collect
data for industrial scenes. The architecture is also equipped
with a mature data preprocessing and visualization scheme. We
demonstrate the effectiveness of the IIoT Dataset Generator and
the processing algorithms under the considered scenario.

Keywords—dataset Generator; IIoT; data acquisition; multi-
sensor; information fusion amplifiers

I. INTRODUCTION

Industrial Internet of Things (IIoT) is the application of
Internet of things in industrial field [1]. It collects and pro-
cesses data in the industrial environment, and realizes intelli-
gent operations such as industrial monitoring, automation and
control [2]. IIoT can effectively improve production efficiency
and reduce production costs. It is considered to be the basis
of future industrial systems. In the process of improving
production efficiency, IIoT will produce massive, complex and
heterogeneous data, which is called industrial data flow in
the industry. Industrial scenes are often complex and diverse,
facing the characteristics of difficult collector installation, bad
environment, poor signal receiving strength, large amount of
data and strong real-time. If the data collected and transmitted
by IIoT devices are not effectively stored and managed, the
data becomes incomplete, damaged or misleading [3], [4]. In
order to solve the above problems, combined with the idea of
multi-sensor information fusion, this paper proposes a multi-
sensor data processing scheme for IIoT. In the later part of this
paper, the proposed scheme is introduced in detail. The Dataset
Generator designed in this paper can efficiently and cheaply
collect data in the industrial field, and generate complete data-
sets to make up for the lack of data-sets in the field of IIoT.

II. RELATED WORK

At present, there are two main schemes for IIoT Dataset
Generator by domestic and foreign manufacturers. First, the

embedded industrial gateway is used to access the industrial
site, or data collection is carried out through serial ports,
servers and other media. The other is to use the data transfer
unit Data Terminal Unit (DTU) for transparent transmission
to the cloud for data collection [5]. The main problems of
these two main collection schemes can be summarized as
follows. First, IIoT devices have different I/O mechanisms,
development protocols, and data formats. The difference be-
tween hardware and software and communication is a difficult
problem to handle. Second, developers need to redevelop new
hardware and software. This will require a lot of cost and
effort. Third, the control methods of Dataset Generator are
data flow oriented. Data collection relies too much on the
gateway, weakening the relative independence of each appli-
cation. Fourth, privacy policies require purchase of hardware
equipment from manufacturers, which is often expensive and
strongly bound with the platform of the manufacturer. The
voice of users is weakened, and the migration of data is limited
[6]. Fifth, traditional method of collecting information from
different sensors requires different equipment, which costs
more and the operation process is more cumbersome.

Combined with the idea of multi-sensor information fusion,
this paper proposes a multi-sensor data processing scheme for
IIoT [7]. Compared with the existing data acquisition schemes,
the advantages of the scheme proposed in this paper are as
follows:

• Low complexity of development: The equipment of
Dataset Generator is single, and its I/O mechanism,
development protocol and data format are unified. It can
easily realize the processing of software, hardware and
communication.

• High development reuse rate: For different industrial
sites, we only need to adjust and develop the shell of
the Dataset Generator. There is no need to redevelop
hardware, communication and software.

• Good maintainability and mobility: The size of the
Dataset Generator is very small and the shell is highly
plastic. Data acquisition no longer depends on the gate-
way, which enhances the relative independence of each
link and is more conducive to software maintenance.

• Good privacy: There is no need to purchase the hardware
equipment of the manufacturer, and the collected dataset
is completely mastered by the user. The user’s authority
is strengthened, and the storage and transmission of data
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Fig. 1. System model of data acquisition in IIoT based on multi-sensor
information fusion

are not limited.
• Diversity of datasets: It can collect multi-sensor infor-

mation at the same time, and the operation process is
relatively simple. The mature synchronization algorithm
makes the dataset more valuable.

III. SYSTEN MODEL AND ITS MODULES
The data acquisition model of IIoT is one of the most basic

problems in the current research field. As shown in Fig. 1, we
design a new system model of data acquisition in IIoT based
on multi-sensor information fusion [8]. The model consists of
data collector, repeater and server. In our model, the first part
is the data acquisition module, which has two sub modules.
One is the sensor sub module, and the other is the data fusion
sub module.

The sensor sub module is composed of multiple distributed
heterogeneous sensors. Multisensor data provides more com-
plete and reliable data, which can be analyzed to obtain more
accurate results. In our research, we choose two heterogeneous
sensors, sound sensor and acceleration sensor, to collect data.
In order to reduce the consumption of channel resources and
reduce the cost [9], the signals need to be preprocessed locally
on two heterogeneous sensor nodes. The wireless signal w(k)
received by the hotspot can be expressed as

w(k) = s(k) + e(k), k = 0, 1, . . . , N − 1 (1)

where s(k) is a wireless signal, which is composed of am-
plitude modulation (AM) signal, frequency modulation (FM)

Fig. 2. Bayesian solution module of data fusion.

signal, binary phase shift keying (BPSK) signal, quadrature
phase shift keying (QPSK) signal, 8 phase shift keying (8PSK)
signal, 2 phase shift keying (2ASK) signal, 4 phase shift
keying (4ASK) signal, 2 phase shift keying (2FSK) signal and
4 frequency shift keying (4FSK) signals [10]. e(k) represents
the artificial noise in idwsn, which can be described as alpha
stable noise.

The data fusion module in this paper will do a simple data
preprocessing for the data of two different sensors. According
to different fusion levels, multi-sensor information fusion
technology can be divided into three categories: data level
fusion, feature level fusion and decision level fusion. The
data acquisition model designed in this paper reflects the data
layer fusion of multi-sensor information fusion technology.
This is a process of collecting information from different
sources, detecting and analyzing the collected data signals and
completing multi-sensor information fusion. Its main function
is to clear invalid sensor data and synchronize different sensor
data to obtain more accurate results. Data fusion uses a
Bayesian solution, as shown in the figure, which requires that
both sensors have available information.

The sum of the probability density function can be ex-
pressed as
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Fig. 3. Schematic diagram of data acquisition in an industrial scenario. The acquisition system uses the technical scheme of Inter-Integrated Circuit (IIC)
and esp32-s2, where STM32F103 is the core chip of the data collector.

The advantage of data-layer fusion is large amount of
information and high accuracy. We don’t need to think about
data loss [13]. It’s easy to extract a lot of data details. It is
important to fuse the outputs of these sensors in an efficient
and intelligent way. The rest of this article will study data
transmission and storage, as well as data analysis. At present,
the data fusion module of this data generator is not mature
enough, sometimes it needs manual assistance to confirm
the accuracy of the data. Subsequent work will optimize the
performance of this module and further develop feature layer
fusion.

IV. SYSTEM ARCHITECTURE

A. Hardware Architecture

The Dataset Generator in this paper mainly implements the
function of data collection in the industrial scene. Its data
collection system uses the technical scheme of IIC and ESP32-
S2, which has been verified to be technically feasible and can
meet the needs of users [14].

In order to allow for data collection in a variety of en-
vironments, we also conducted field studies. This data set
generator can customize the shell to suit the field situation. For
example, data collection for underwater scenes will consider
adjusting the shell’s waterproof performance, density and other
physical properties. Specifically, in order to collect data for
large machines, we can upgrade the fixture of the modified
housing so that the data set generator can be firmly fixed on
the machine without affecting the operation of the machine.

First of all, in terms of hardware selection, we compare
the performance of several different types of development
board chips. The STM32F103 chip is used as the core chip
of the data set generator [15]. The low power consumption,
flash memory and built-in controller of STM32F103 perfectly
meet the needs of this project. We use a dual timer to collect
sound signals at 4 KHz and acceleration signals at 800 Hz.
It uses an operational amplifier to convert analog signals to
sound and a built-in analog-to-digital converter to collect them.
Acceleration signals are collected using a 3D accelerometer
and transmitted to the Microcontroller Unit (MCU) using the
IIC communication protocol.

Another consideration after data collection is data storage.
ESP32-S2 is selected as the repeater for the data storage
system. The repeater can be transmitted up to 200 meters
away and has industry-leading low power and radio frequency
performance. It can transmit data to the platform at medium
and long distance, which fully meets the requirements of
this Dataset Generator. We use the AD conversion module
to convert the collected sound and acceleration analog data
into binary data. The converted binary data is then sent to the
buffer via the DMA pipeline. Judged and cached by the CPU,
then stored in FLASH. Finally, we use the WIFI module to
transfer to the repeater ESP32-S2, and then to the server for
storage. The overall hardware schematic diagram is shown in
Fig. 3.
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Fig. 4. Flow chart of data preprocessing and visualization, and an example of visualized results is displayed. The waveform of sound sensors and accelerometers
can be displayed in real time.

B. Software System

The Dataset Generator model has a mature data prepro-
cessing and visualization system [15]. The process of data
preprocessing and visualization is shown in Fig. 4.

The data preprocessing system can perform data cleaning,
data filtering, data sorting, data marking and other operations
on the collected data sources. This data can then be generated
into a common multi-sensor information dataset based on the
IIoT scenario.

The pre-processing system will display the binary data col-
lected in a variety of forms intuitively through the MATLAB
platform. After the targeted monitoring algorithm is designed,
high accuracy monitoring can be achieved for various indus-
trial scenarios.

V. APPLICATIONS OF THE IIOT DATA

Using this data set generator, we collected data from the
industrial site of a large arm. After data preprocessing, a high-
quality dataset is generated. This Dataset Generator saves time
and cost for dataset processing compared to previous schemes.
Users have a higher voice and data privacy. Technicians are
easier to operate. It also has a mature visualization system,
which provides an important basis for enterprises to optimize
production and decision-making.

The dataset generated by the Dataset Generator can be
simply visualized, or the corresponding algorithm can be
redesigned for more specific improvements based on different
scenarios. Next, a subsequent algorithm improvement process
for the dataset of a mechanical arm is shown. We used a
Dataset Generator to collect 500 times the normal operation
of a mechanical arm [16]. The acceleration and sound of the
arm are very high when it is working. We analyze these two
factors.

First, we analyze only the sound data and design an acoustic
wave width (AWW) algorithm based on the working frequency
of a mechanical arm. AWW algorithm calculates the total wave

width of the working interval of the large manipulator, and
counts the acoustic convolution data reaching the threshold
[17]. In this dataset, there are 490 manipulator working events
(MWE). There are 3 error detection and 10 missed detection in
AWW algorithm, and the accuracy is 97.35%. The algorithm
flow is as follows:

Algorithm 1: Acoustic wave width algorithm.
Input: Data sequence
Output: Number of MWEs

1 for Follow pointer ̸= Forward pointer do
2 Calculate sound difference to eliminates zero drift
3 Take absolute value
4 Cache reallocation
5 Convolute with the specified size
6 Cache reallocation
7 if No mark on the upper bound of the interval then
8 Judge whether the upper bound threshold of

the interval is reached
9 else if The lower bound is not marked then

Reset key point
10 Reset status bit
11 Find the maximun value in the in terval
12 end
13 Maintain follow pointer
14 end
15 end

In order to further improve the accuracy of identification of
the working state of a large manipulator, acceleration data is
used to assist the identification on the basis of acoustic signal
detection [18]. This eliminates the interference caused by the
collision of the surrounding arm. To solve the asynchronous
sound and acceleration characteristics generated by the Dataset
Generator, the Finite State Machine Detection (FSMD) algo-
rithm is designed. The status table of the FSMD algorithm is
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TABLE I
STATE TABLE OF FINITE STATE MACHINE DETECTION ALGORITHM

Accelerate
PS

Sound
PS

Accelerate
SS

Sound
SS

Accelerate
output

Sound
output

MWE
output

0 0 0 0 0 0 0
0 0 0 M 0 0 0
0 0 1 0 0 0 0
0 0 1 M 0 0 M
1 N 0 0 0 0 N
1 N 0 M 0 0 N
1 N 1 0 0 0 N
1 N 1 M 0 0 N

shown in Table. I. Among them, 0 and 1 are the results of
acceleration recognition and M and N are the results of sound
recognition. It matches the asynchronous sound characteristics
with the acceleration characteristics by dividing the current
state (PS) and the sub-state (SS). Ultimately, mismatched noise
signals consisting of sound and acceleration can be filtered
out. In this training, the large manipulator works 490 times
normally, AWW algorithm combined with FSMD algorithm
has one error detection and three miss detection, the accuracy
rate is 99.18%, which has significantly improved.

VI. CONCLUSION

Combining the idea of multi-sensor information fusion, this
paper presents a data set generator in the scenario of industrial
Internet of Things. It has the advantages of convenient instal-
lation, strong signal, low delay and low energy consumption.
The Dataset Generator generates a mature dataset that the user
decides whether or not to expose. This not only improves the
voice of users, maintains the privacy and security of data,
but also makes up for the current lack of datasets in the
industrial Internet of Things. At the same time, the Dataset
Generator makes industrial data collection process no longer
dependent on specific hardware devices such as gateways,
reducing the cost of intelligent transformation of enterprises.
The visualization of data enables enterprises to monitor real-
time failures and timely repair projects in various industrial
scenarios. It provides an important basis for enterprises to
optimize production and make decisions.
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