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Abstract

In this paper, an industrial equipment data acquisition system based on a ZYNQ chip is constructed using an AD7607
data acquisition module containing a symmetric layout. Next, four modules of signal output, data writing, caching and
communication are designed. Focusing on the design of the signal processing system after analog-to-digital conversion,
the D-S evidence processing algorithm is utilized to judge the obtained data independently and fuse the data based on its
D-S combination rule. Finally, the industrial equipment acquisition system design is tested, and the test includes system
performance, accuracy, and stability. The frequency peaks obtained by the system in this paper are all 1000.000Hz, as
shown by the results. The signal peak value of 95.18mV, the NI acquisition card signal peak value of 98.33mV, and the
error is only 0.89%. The signal-to-noise ratio of the sampled signal is 50.12dB, and the effective number of bits reaches

10.40 bits. The performance of the system and the accuracy and stability of data acquisition on industrial equipment are
verified.
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1 Introduction

The rapid development of information technology continues to promote the integration of the Internet
and industry, prompting the smart manufacturing industry to enter a new stage [1-2]. China formally
introduced the “Made in China 2025 strategy in 2015, aiming to vigorously develop the
manufacturing industry to realize a strong manufacturing country [3-4]. One of the important steps is
to use a large number of automated industrial equipment to replace human labor, to achieve intelligent
and unmanned factories [5]. However, industrial equipment brands are diverse, and each equipment
manufacturer independently adopts different communication protocols and specifications, which
makes the cost of acquiring equipment data in factories greatly increased [6].

Data acquisition is becoming more and more important as the primary issue of modern industrial
information processing [7]. With the improvement of embedded technology, more and more
embedded systems are applied in high precision data acquisition systems [8-9]. In the process of
practical application, a single FPGA or ARM can not meet the user’s needs in some areas, so the
ZYNQ series products from Xilinx have been widely considered since their introduction [10-12].

Data acquisition systems play an important role in modern industrial production, scientific
experiments and other fields, and these systems can help people better understand the performance
and operation of equipment. With the progress of science and technology, the requirements for data
acquisition equipment in various industries are getting higher and higher [ 13]. Literature [ 14] suggests
that today’s manufacturers have PLCs, PACs and PCs as many automation controllers and data
acquisition options, all of which can be the stable and reliable operation of factory automation
equipment and data acquisition. However, in terms of compatibility, size and capacity by the
differences, it is necessary to match the most suitable manufacturer of industrial equipment. Literature
[15] on intelligent manufacturing of big data analysis to explore, for example, through the analysis of
all the data on the factory floor, equipment monitoring data, enterprise manufacturing database, self-
learning, decision-making, adaptive to a variety of environments, so that the data can be effectively
utilized to improve the production line automation, high efficiency, and stabilization, but also for the
intelligent data collection, and the direction of the future development of the equipment to provide a
reference. Literature [16] proposed an INTERNET-based human-machine interface to build
embedded Visual Studio, and then FPRS control over the basic principles of communication systems
to create an application server protocol, the development of the completed software on the DCM
torque, speed, power, etc., detection, the design makes low-cost real-time monitoring can be realized.
Literature [17] for the unmanned management of power grids, build a structured system based on the
Internet of Things technology of the Internet of Things monitoring network of electric power
equipment, combined with image recognition data and collect, fill the gaps in the data, analyze the
data, look at the loss of to the control side, relying on the LPWAN to achieve remote monitoring.

After simulation experiments, the research results show that real-time unmanned monitoring is
achieved, providing a reference for the future operation and maintenance of power grid equipment.
Literature [ 18] uses Cloud Advanced Metering Infrastructure (CAMI) with Zynq UltraScale+ device
Field Programmable Gate Array (FPGA), comparing with existing Digital Signal Processing (DSM)
systems, which uses DSM driven by accurate transcription and encryption to serve end-users.
Literature [19] describes the data collection for a high particle-strength analog thermon calorimeter
at the future International Linear Collider, focusing on the central ZYNQ-Sysem-On-Chip to
demonstrate in detail the high performance and stability of this data collection system. Literature [20]
describes the ZYNQ system-on-chip SOC as a widely used architecture based on which a model for
parameter extraction is given. Optimize the implementation of algorithms PSO and SIMKIT, the first
PSO algorithm running on PL, pup PSP MOSFET library SIMKIT implemented on PS, the
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experimental results show that, compared to ARM, PSO implementation efficiency increased
significantly, dual-core again than a single-core performance by one-quarter.

In this paper, the Zyng-7010 platform is used as the basic hardware equipment of the information
acquisition system, and the AD7607 module is used to form the AN706 module, which in turn is used
to form the industrial equipment acquisition system module. Secondly, the software design is divided
into five modules, namely, the industrial data acquisition module, the data output function module for
waveform data generation, the control module of the data in the FPGA underlying program, the data
cache module written from the outside, and the PL-PS communication interface module. In the
process of processing and analyzing the collected data, this paper adopts the data fusion technique
based on the D-S evidence theory and performs the synthesis operation of multiple D-S to make up
for the shortcomings of uncertainty when dealing with a single piece of evidence by this technique.
Finally, three groups of experiments are designed. One group tests the overall power consumption of
the system in normal operating mode, idle mode, and dormant mode of the test system. The second
group tests the accuracy of the system using a signal generator to simulate the operating conditions
of an industrial robot and a comparison test using an NI PXIe-4992 acquisition card and the sensors
of this system. The third group uses a waveform signal generator to simulate industrial signals and
reconstruct waveforms of the acquired data using the software in this paper.

2 Industrial equipment data acquisition system

2.1  ZYNQ Chip

The Zynq-7010 platform utilizes Xilinx’s highest-performance K7 family of chips as the core chip
for the FPGA portion of the platform. As another part of the Zynq-7010 series platform, the ARM
processor has been refined to embed a ZYNQ core and an Ethernet peripheral with gigabit transfer
speeds, as well as a network transfer protocol for high-speed and reliable data transfer. As another
part of the Zyng-7010 family of platforms, the ARM processor has been refined to embed a ZYNQ
core and an Ethernet peripheral with gigabit transfer speeds, and also uses a network transfer protocol
for high-speed and reliable data transfer.

The AD7606 has a 16-bit sampling rate with a maximum sampling rate of 200 KSPS. In addition, the
input signal interface of the AD7606 is very flexible, and can support a variety of different types of
input signals. The AD7606 can complete 4, 6, and 8 channels of synchronous data acquisition. In
order to prevent signal overlap and other interfering phenomena in the industrial level data acquisition,
it adopts a single power supply operation mode, with on-chip filtering and high resistance. It has on-
chip filtering and high-impedance input characteristics. Meanwhile, all its flexible digital filters can
be realized through pin driving, which can effectively improve the signal-to-noise ratio and reduce
the bandwidth by 3dB. These features make the AD7606 suitable for data acquisition applications
that require high signal quality while also providing better flexibility and tunability to meet data
acquisition needs in different scenarios.

2.2 System design

In the design of the software program in this paper, the program is divided into five modules,
including the analog-to-digital converted data acquisition module, the data output function module,
the data writing control module, the data caching module, and the communication interface module.
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2.2.1 Industrial equipment data acquisition module

Figure 1 shows the whole process of the whole system acquisition. The AD7606 has 8 channels for
data acquisition and includes input protection, signal amplification, filtering, reference, and digital
signal processing. The chip is usually used for signal acquisition in industrial equipment, such as
power monitoring and protection systems, motor control, instrumentation and control systems, multi-
axis positioning, and data acquisition. For 16-channel data acquisition, two AD7606s are used for
synchronized data acquisition and display. During data conversion, all channels are synchronized for
data acquisition when the BUSY signal is high. After data conversion is finished, the BUSY signal
goes low and waits for the subsequent command to be issued during this low state. When CS and RD
are both low and in parallel mode, the output bus is activated. Enabling the output bus causes all
channels of the AD7606 to be read, and when all channels are read, the data is stored. In order to
maintain high precision acquisition of multi-channel count sampling, a symmetrical layout of 2
AD7606 acquisition chips can be used. This layout ensures a good match between the two chips. In
order to achieve synchronized sampling. The AD conversion signals CONVSTA and CONVSTB of
the two acquisition chips can be connected separately for synchronized control. This layout can make
the acquisition system more concise and effectively improve the accuracy and stability of the acquired
data. In the design of this system, only one of the eight input channels needs to be used for sampling,
so the single-channel sampling mode of the AD7606 can be used. In this mode, it is only necessary
to connect the CONVST and ADCCLK signals to the same control signal, and at the same time, in
order to realize the synchronous sampling of the system, the use of the master control chip ZYNQ on
the two data acquisition chips for unified regulation.
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Figure 1. The overall design of the data acquisition system

2.2.2 Signal output function module

According to the system requirements for the design of the waveform data generator, the waveform
data generator designed in this system can generate and output sine, square, sawtooth, triangle and
self-drawing waveforms, respectively. For the waveform data, the direct output method is chosen,
where the waveform generator sends out the signal, then transmits it through the Ethernet, and finally
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collects and saves the signal through the system. The other option is to configure the signal parameters
according to Ethernet and transmit the data. After the collector completes the above operation, the
digital-to-analog converter will read the buffer data and output it directly.

2.2.3 Data Write Control Module and Cache Module

In order to realize the process of storing data after the system has issued commands through the
control interface, this system, when carrying out the program design, designs a program for
controlling the writing of data in the underlying program of the FPGA, which inputs the data obtained
from the data acquisition of this system into the module owned by the software, and controls the
operation of the module and the operation of the module, which is carried out to write the obtained
data into specific physical addresses in the memory. This operation is performed to write data to
specific physical addresses in the memory. At the same time, the program filters out the data from the
selected channel and stores it according to the length of the data block. The data writing control
program automatically writes the data into memory and sets the data block write full flag when it’s
full. In this way, data storage and management during data acquisition can be achieved. In the
underlying design of the FPGA, the data acquired by the ADC needs to be transferred to the ZYNQ
via DMA, and when the transfer is performed, the data acquired by the ADC is not in the same form
as the data that the DMA interface can receive, so it is necessary to convert the data acquired by the
ADC to the format, that is, to convert the ADC data to the AXIS streaming data format, so that the
DMA can easily transfer it. The output data of the ADC is output in the form of parallel data.

In the process of data writing, only the way of writing to the DDR from the outside is selected, and
the way of reading data from the DDR is not used. There are two buses and one data interface
connected to the control module, which is used for data transmission or the function of module reset,
respectively.

2.2.4 PL-PS communication module

Figure 2 shows the information transfer within the chip. In the design of this system, firstly, the clock
at the PS side of ZYNQ is set to 100 MHz. Then, the DMA working mode is configured using the
address mapping transfer interface, and the data is written to the DDR3 memory. In order to better
control the problem of data interaction, the HP high-speed interface is added to the design of the
system. Next, the data previously written to the DMA module is subjected to a readout operation, and
the readout data is written to the FIFO registers that have already been configured. In this process, 1
interrupt signal is added. Finally, by controlling the DMA and sending the data stream written to the
FIFO back to the DDR through the AXI bus, 1 more interrupt signal is added, and the PL side performs
1 read/write operation of the DMA data through the AXI bus to realize the data transfer.

Processor
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AXI MM2S AXI DMA
Controller
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Figure 2. Chip internal data transmission
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2.3 Data Acquisition and Fusion

2.3.1 D-S theory of evidence

The basic strategy of the D-S theory of evidence is to divide the collection of evidence into a number
of unrelated parts and use each of them to make independent judgments about the identification
frames, and then combine them using the rules of combination.

Definition 1 is to make the finite set U :{ul,uz---un} of all hypotheses under a condition (or

evidence) X = {Xl, P AREES Xn} an identification frame, and the set consisting of all subsets of U is

the power set of U, denoted 2" .

Definition 2 is a direct support for A given a recognition frame U , a mapping m:2” —[0,1] on

its power set 2” is said m(A) to be the assigned value of the confidence function of A, and
m(A) to be the exact degree of confidence in proposition A, when the following conditions are

satisfied.
m(¢) =0 (1)

Definition 3 is such that if AcU ,and m(A) >0, then A is said to be the focal element.

Definition 4 is to define a function given a recognition box U,m:2” —[0,1] is a confidence
assignment on U :

Bel : 2" —[0,1] )
Bel(A)= > m(B)(VAcU) (4)

Call the function Bel a trust function on U, and Bel(A)= Zm(B) denote the sum of the
B=A

likelihood measures of all subsets of A, which leads to Bel(¢) =0,Bel(U) =1.

Definition 5, given identification frame U, call 1-Bel(A) the likelihood function of A, denoted
pl(A), where Bel(A) denotes the degree of skepticism about A, i.e., Bel(A) denotes the degree

of certainty that it is not A, as specified in the following formula:
pl(A) =1—Bel(A) (5)

Then [Bel(A), pl(A)] is said to be the trust interval for A. The trust interval specifies the upper
and lower bounds on the level of trustin A.
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2.3.2 Combination rules for the D-S theory of evidence

First we provide rules for combining two pieces of evidence. Let M, and M, be two mutually

independent confidence function assignments on 2" . The question now is how to determine the
combined confidence function assignment, m=m, ®m,.

Theorem 1 Assume that Bel, and Bel, are two confidence functions on the same identification
frame U, and M, and m, are their corresponding confidence function assignments with focal
elements A,A,,---A and B, B,,---B,, respectively, and let:

K= 2 m(Am,(B)<1

ij
ANB;=¢

(6)

Then:

> m(A)m,(B)

ij
m(C) ={ A2~ ,VCcU,C=¢ (7)
1-K,

0 C=¢

In the equation, if K, #1, then m determines a confidence function assignment. If K, =1, then

m, and m, are considered to be contradictory and no combination of confidence function

assignments can be made. The rule for combining evidence given by Theorem 1 is called the
Dempster combination rule. For the combination of multiple evidences, the Dempster combination
rule of Theorem 1 is used to synthesize the evidences two by two. Let the evidence intervals of
A BcU,A B berespectively:

ElL(A) =[Bel,(A), pl,(A)] (8)

El,(B) =[Bel,(B), pl,(B)] ©)
Then the combined evidence interval is:

El,(A)@EI,(B)

K, (1 Beb () (1 B,,(8)) K, o (A) (3] o

-1

Among them, K, = {1-[ Bel,(A)Bel,(B)Bel, (A)Bel,(8) ||

The rule of combining two pieces of evidence can be analogized to the rule of combining multiple
pieces of evidence.

Theorem 2 Assume that Bel;, Bel,,---,Bel, is the confidence function of n independent evidence

on the domain U, and its corresponding confidence assignment functions are M, M,,---,m, .
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The corresponding focus elements are A, A, .-+ Ay, Ay, Ao Ay oo Ay A, A Tespectively.
Let A=A, NA; N, Ay

Ky=2om (A )m, (A, )-m, (A, ) (12)

A=

If K, <1, the fused plausibility function is assigned as:

m Aiil m, Azi2 --m, Awin
ey BRI ) )

Usually in the process of multiple evidence fusion, in order to avoid the cumbersome arithmetic
caused by the error, generally use the above formula first two evidence fusion results and then fused
with the third evidence, and so on, until and the nth evidence fusion to get the final fusion results. For
D-S evidence theory, the result is not affected by the order of evidence combination.

Theorem 1 and Theorem 2 give the D-S synthesis rules for two and multiple bodies of evidence,
respectively. The reason why the evidence synthesis operation is carried out is to make up for the
uncertainty possessed by a single piece of evidence and to improve the reliability of the conclusion
of evidential reasoning. However, in practice, can the above goal be achieved after the synthesis of
evidence bodies? The exact answer is given below by Theorem 3.

Theorem 3 then sets N the number of bodies of evidence, U the identification frame, satisfies the
condition in Theorem 2 that D-S the synthesis rule holds, i.e., the following equation holds,
Bel = Bel, ® Bel, ®---@Bel, and then the uncertainty of the synthesized conclusion m(U) is

satisfied:
Jie{},2,---n},mU)=0, thenm(U)=0.
Vie{l,2,---n},mU) =0, thenmU)<m U).

Prove the following by mathematical induction:

Let n=2, the following equation holds by the D-S synthesis rule of Theorem 1.

2 ml(A)mz(Bj)

ANB;-U

-2 ml(A)mz(Bj)

ANBj—¢

mU) = . (13)

A NB;=U can be satisfied only if A =U and B; =U, so the above equation can be rewritten

as:

m, (U)m,(U)
1- Y m(A)m,(B)) (14)

ANB;—¢

mU) =



Design of industrial equipment data acquisition system based on ZYNQ 9

1) When mU)=0 or m,(U)=0, from the above equation, m(U)=0.

2) When mU)=0 and m,(U)=0, Zm(Bj) 1.

ngU

-.m,(B;)<1-m,(U).

my (A)~m, (B, )-¢ my (A )~m, (B, )-¢

15
:[1_m2(U)] Z ml(Ai)’ ( )
my(A)nmy(B; )¢
And ) m(A)=1.
AcU
> m(A)<[1-mO)].
n]l(Ai)~m2(Bj)_¢
> m(A)m,(B;)<[t-m,W)][1-m(U)].
my(A )~m, (B; )¢
2= Y m(A)m(B)zmU)+mU)-m,U)m )
my (A )my(B; )¢
May as well set up:
mU)<m,U) (16)
Then by Eq. This can be seen:
L) < m (U)m, U) _
(M U)+m,U)-m,U)m,U))
mu)  _ mu) (17)
- <m,(U)
mu) _ 1-m,U)
1+m2(U) mU) 1+m@U) )

From the above equation, m(U)<m,(U)<m,(U). Hence, Theorem 3 holds when n=2.

Set N=K when the uncertainty of the synthesis of these k evidences is m® (U), when Theorem
3 holds for Jiefl,2,-,k}m@U)=0 , then mMYU)=0Viefl,2,-,k},m(®)=#0 , then
m*U)<m U).

It is proved below that when Nn=Kk+1, the synthesized uncertainty m“?(U) satisfies Theorem 3.
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At this point it is equivalent to the two evidences m® and m,,, to perform the synthesis operation,
and from step (1), the following relation exists:

m*“U)m,, V)
1- Y m@(A)m,,(B;) (18)

A"B;—¢

m(k+l) (U ) —

From the above equation:
1) When Jie{l,2,---,k},mU)=0,mU)=0,then m®¥U)=0.s0 m**?U)=0.

When m,,(U)=0 , then m*?U)=0 . In short, Jie{l,2,---kk+L,mU)=0 , then
m*H(U) =0.

2) When Vie{l,2,--k+1},m(U) =0, the same reasoning process as in step (1) can also be
proved m“PU)<m®U)and m*PU)<m, ,(U) and because Vie{l,2,---k},
m(U)=0, then m*U)<m (U). So, can be obtained:

Vie{l,2,---,k,k+1,m U)=0,thenm“?PU)<m U) (19)

In summary, Theorem 3 holds.

Thus, from Theorem 3, it follows that as more evidence is involved in the synthesis operation, the
uncertainty of the synthesized evidence becomes smaller and smaller, and the reliability of the
inference conclusions becomes higher.

3 Industrial equipment acquisition system application and test

3.1 Performance testing

Before testing the system solution designed in this paper, it is first necessary to measure the overall
power consumption of the system in normal operating mode, idle mode and sleep mode. In the test,
a DC energy meter is connected to the 24V input port of the overall power supply of the system,
which can display the total real-time input current of the system. In the normal operating mode, the
operating frequency of the system can be adjusted. The highest adjustable operating frequency is
555MHz, and the lowest operating frequency is 111MHz. The system power consumption test process
is to make the system in the normal operating mode of the high-frequency state, the low-frequency
state of the normal operating mode, the idle mode and the hibernation mode switching, each time
after switching the state after the state is stabilized for 30 seconds, the total system current value of
the state is read. The total current value of the system in this state is read after the state stabilizes for
30 seconds after each switching state. The 10 sets of data for the system power consumption test are
shown in Figure 3.

The highest system consumption is 26 1mA, and the lowest is 255mA under high-frequency output,
with a difference of 6mA. The device output is normal under high frequency. The lowest consumption
in the low-frequency condition is 229mA and the highest is 234mA, with a difference of SmA, and
the system maintains normal in the low-frequency condition. In the case of idle mode, the peak
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difference is 7mA. Leisure mode and high-frequency state are consistent. The difference between the
highest and lowest is 6mA, which is more stable.

300

250

Frequency/mA
—_ — o
8 8 8

wn
(=]

Test number

Figure 3. System current condition

The two timeout thresholds for the dynamic multi-mode management strategy during testing were set
to 100 ms and 10 s. The intensity of the test tasks was categorized into two types: one with a random
number of tasks at intervals between 0 and 30 seconds and the second with a random number of tasks
at intervals between 0 and 50 seconds. The test tasks were performed at random intervals between 0
and 30 s. The test tasks were performed at random intervals between 0 and 50 s. The process of each
test experiment is 30 minutes, and the overall current value of the system is read every 3-minute
interval during the test. Table 1 shows the results of this system test. As can be seen from the test
results, the system is very stable, with a negligible difference of 1.7mA in the average value of the
current while executing the two task sets. The difference in power consumption is equally small. In
the execution of PM1~PM3, the difference is 0.82%, 3.35%, and 6.27%, respectively, and the gap
range is not more than 10%. It can be seen that the system designed in this paper is stable in operation.

Table 1. Current mean

Noramal PM1 PM2 PM3

Test task set 1 263.2 244.6 195.1 186.2
Power consumption 6.54% 25.41% 27.89%

Test task set 2 261.5 237.0 179 171.5
Power consumption 7.36% 28.76% 34.16%

3.2 Data Acquisition Accuracy Tests for Industrial EQuipment

3.2.1 Industrial Robot Signal Acquisition Testing

A signal amplifier was used to vibrate the drive table to mimic the operating state of an industrial
robot, followed by sensor data acquisition using the system in this paper to test the software in this
paper. The NI PXIe-4992 acquisition card is used, and the chassis is PXIe-1071. The signal generator
produces a 1kHz sinusoidal signal, which is amplified by a power amplifier to drive the vibration
table, which vibrates at the same frequency as the signal generator. The shaker is a Modal Shop 2075E,
and the power amplifier is a SmartAmp-2100E21 with a magnification of 2.0. Two IEPE acceleration
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sensors are placed in symmetrical positions on the shaker, and the sensor is a PCB 352C03. The
sampling rate of the monitoring system and the NI acquisition is set to 125kHz, the gain is set to 1x,
and the IEPE excitation is turned on with AC coupling. Coupling, and turn on the IEPE excitation
source. After the monitoring system and NI acquisition card are collectively acquired for a period of
time, the upper computer reads the data for comparison, and the results are shown in Figure 4. FFT
analysis of the measured data frequency shows that the peak frequency is 1000.000Hz, consistent
with the input signal.

60 I ——— Pxle-4492 Monitoring system

it !

Amplitude/mv
o
1

ol i |

_60 1 1 1 1 1 1 1

Time/ms
Figure 4. Accuracy test

This paper’s hardware acquired signal peak value of 94.18mv, and NI acquisition card signal peak
value of 97.26mv. The error between the two is only 3.08. This is due to the sensor placement not
being completely symmetrical and the two completely at the same time acquisition. The test results
show that the hardware of this paper and the NI acquisition card measurement results are very similar,
which verifies that the acquisition system of this paper can accurately collect the IEPE sensor signals.

3.2.2 Industrial equipment signal acquisition testing

An arbitrary waveform signal generator is used to output a sine wave and feed it into the data
acquisition board to mimic industrial equipment signals for on-line testing of the system. First, the
data is streamed through the AXI4-Stream bus and then stored in the DDR through the HP interface.
Waiting for the completion of the data transfer, the data in the memory is taken out, and the waveform
is reconstructed. The spectrum is analyzed by MATLAB software on the PC. The main tools used for
the system performance test are a signal generator, IF digital demodulation system and MATLAB
software. The signal generator is RIGOL DG1022U.

The performance characteristics can be divided into two categories: static characteristics and dynamic
characteristics and this topic mainly tests the dynamic characteristics, including the spurious-free
dynamic range, the effective number of bits, etc. There are two categories of dynamic characteristics
of the signal generator: static characteristics and dynamic characteristics. The sine wave fitting
method and frequency domain analysis method are the primary test methods used to assess dynamic
characteristics. Compared with the sine wave fitting method, the frequency domain analysis method
does not introduce source noise in the testing process, which can better suppress the additional
interference, and at the same time, more index parameters can be tested, so this method is used to test
the dynamic performance. The signal generator generates a 1MHz sine wave, connects the signal
transmitting port to the data acquisition board through the SMA transmission line, and imports the
sampled data into the MATLAB software for waveform reconstruction and spectral analysis, and the
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time-domain and spectral waveforms are shown in Figure 5. The acquisition situation is stable. There
is no interruption phenomenon; the data collected by the acquisition equipment reaches a peak value
of 2.0, and the trough is basically the same, between -1.5 and -1.8. The final calculation yields a
signal-to-noise ratio of 50.12 dB for the sampled signal, and the effective number of bits reaches
10.40 bits.

Textual equipent

Amplitude/mv
ol -
i
T )

’ 1. 10 1..11 I 1..13 1.14 1. 16 1. 16 | £ 1. 18 1. 19 1. 20
Time/s

Figure 5. Rebuild wave mode time domain

Figure 6 shows the frequency domain of the reconstructed waveform, and it can be seen that the
device has a peak between frequency 0-2, and the amplitude reaches 22. But it quickly declines and
stabilizes between 0-5, and there is no more big fluctuation. This experiment can prove that the
dynamic performance indicators of the system are in line with the typical values of the dynamic
parameters of the device, the acquisition module works well, and the display module waveforms are
free of distortion.
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Figure 6. Restructure of the wave frequency domain

4  Conclusion

In this paper, ZYNQ is used as the hardware basis to design the industrial equipment data acquisition
system, applying the data fusion technology based on the D-S evidence theory of typical samples to
the data acquisition, fault diagnosis of the equipment, and proving its validity and practicability by



14 Xiaoping Zhang, Qingqing Xing, Xichen Yu, Shili Pan. Applied Mathematics and Nonlinear Sciences, 9(1) (2024) 1-15

taking the simulation experiments of the actual data and achieving the intended effect. As follows are
the conclusions of this paper:

1) The system has relatively high stability. The difference in the average value of current when
the system is performing the test task set is 1.7mA, which is almost negligible. The difference
in power consumption is not more than 10%, and in the output modes of high frequency and
low frequency, the difference in the respective mode current cases is also not more than 10
mA. There is no breakpoint in the execution of the test.

2) The accuracy of the industrial equipment acquisition system can be improved by using a
combination of typical samples and D-S evidence theory, determining the confidence function
allocation, and performing data fusion of individual data for data acquisition processing. In
the accuracy test, the monitoring system and the NI acquisition sampling rate are set to 125
kHz, the gain is set to 1x, and after a period of time, the measured data frequency is analyzed
by FFT, and the results show that the frequency peaks are all 1000.000 Hz, which is consistent
with the input signal. The waveforms were stabilized between -60 and 60 without interruption.

3) Good acquisition of industrial equipment. The use of arbitrary waveform signal generator
output sine wave and sent to the data acquisition board using the system to reconstruct the
waveform, the acquisition situation is stable, there is no interruption phenomenon, the
collection of data collected by the device peak reached 2.0, the trough is basically the same,
between -1.5 and -1.8. The final calculation yields a signal-to-noise ratio of 50.12 dB for the
sampled signal, with an effective bit count of 10.40 bits. The system shows a peak between
frequency 0-2 with an amplitude of 22. However, it quickly drops and stabilizes between 0-5
without further major fluctuations.
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