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Abstract: The information data accuracy affects the working reliability of production manage-

ment system directly. Mobile equipment is an important part of integrated manufacturing sys-

tem, in the course of its works, due to the complex working environment and the dynamic 

change of its position, it lead to the important problem of information detection distortion. 

Because the application of fractional differential operator has the dual functions of enhancing 

signal strength and reducing data error, we puts forward a data processing method of obtain-

ing production information data of various accuracy by changing the parameters of fractional 

differential operator.  Establish a mobile equipment detection data fusion processing model 

based on fractional order partial differential equations and apply it in the processing experi-

ment of mobile equipment testing information detection data in an integrated manufacturing 

system, the feasibility and effectiveness of the method are verified. We conclude that the frac-

tional order partial differential equations used in the processing of mobile equipment moni-

toring information data of an integrated manufacturing system has the function of obtaining 

production information data of various accuracy, which are of great significance to improve 

the working reliability in integrated manufacturing system. which is of great significance to 

improve the working reliability and scientific decision of integrated manufacturing system. 

Keywords: Integrated Manufacturing; Mobile Equipment; Production Information; Data Ac-

curacy; Fractional Partial Differential  

 

1. Introduction 

Manufacturing equipment is an important part of manufacturing system. The 

accuracy of information data generated in the production process directly affects the 

reliability of the whole manufacturing system. Therefore, real-time acquisition of ac-

curate production information data of manufacturing equipment is a necessary con-

dition for effective control of equipment operation, scientific maintenance and nor-

mal operation of manufacturing system. In order to improve the working reliability 

of the manufacturing system, in recent years, some experts have actively engaged in 

the research of improving the accuracy of information detection, and have achieved 

some research results Gianmarco Lazzini et al. [1]  proposed repeatability of a given 

process or feature theory to improve surface texturing and micro-machining pro-

cesses precision. Chen Xin et al. [2] proposed a differential evolution algorithm on 

Geographic Information Science (GIS) attribute data precision detection. Dai Yujia et 

al.  [3] proposed a spatial confinement combined with gradient descent on improve-

ment of Fe element in aluminum alloy. Duan Zhenyun et al. [4] proposed a subpixel-

level edge detection algorithm based on the Gaussian integral model gear tooth high 

efficiency measurement. Liang Yan [5] 3-D laser scanning technology in the field of 

improving the accuracy of 3D geographic information data detection. Guo Min [6] 

apply sensitive data declassification technology to geographic information inspec-

tion.  Wang Yu and Wu Wei xin [7] apply fuzzy association rules in improve the 

accuracy of information data transmission field. These methods have two application 
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features, one is the limitations of application objects, the other is they can only be 

applied to the field of fixed equipment, so they are cannot be applied to to improve 

the detection accuracy of mobile equipment information data. Therefore, there is an 

urgent need for a method to improve the information detection accuracy of mobile 

equipment. 

In recent years, integrated manufacturing systems have been  used in industrial 

fields widely, It uses the transmission mode of a wireless network to realize a real-

time detection function of the work information of mobile equipment. However, in 

practice, it is found that due to the influence of many factors, the application of wire-

less network in mobile device information detection will have the problem of insuf-

ficient reliability. The main influencing factors include detection equipment perfor-

mance, equipment working environment, information signal interference, and en-

ergy loss in the transmission process. Under the separate or joint action of these fac-

tors, it is inevitable that there will be unpredictable errors in the information detec-

tion value. Therefore, the above methods is not suitable for improving the data accu-

racy of mobile device production information. To improve the accuracy of infor-

mation detection data, most experts and scholars use data fusion to effectively pro-

cess the detection error of information data under a wireless network. The common 

data fusion methods include neural networks, Bayesian estimation, Dempster-Shafer 

(D-S) theory, and fuzzy correlation [8–11]. Among them, the acquisition of the new 

probability of the Bayesian estimation method must be based on the prior probabil-

ity, so there are limitations in the scope of application [8]. the D-S evidence theory 

can fuse uncertain problems when the prior probability is unknown and use the basic 

probability assignment to represent the probability of uncertain problems [9], but this 

method cannot be applied to high conflict evidence fusion. 2020, Murphy proposed 

a mean evidence combination rule, which can achieve good fusion effect when there 

is more evidence [10], but it does not consider the correlation between multiple 

sources of evidence, so the fusion effect is not ideal when there is less evidence. 2016, 

Zhou Jian et al. [11] proposed a multi-sensor data fusion water quality judgment 

method based on interval evidence theory. This method can judge the water quality 

grade by looking for abnormal values of individual sensors, but the algorithm has 

the dual shortcomings of poor fusion of extreme data and an excessive amount of 

interval number calculation. More importantly, in engineering applications, all the 

algorithms mentioned above have the following problems: 
(1) they do not consider the problem of energy attenuation in the process of infor-

mation propagation. Therefore, the processed information data is inevitably dis-
torted.  

(2) They do not take into account the variety and randomness of changes of infor-
mation data influencing factors in engineering practice. Therefore, there is a prob-
lem of application reliability. 

Because of these problems, they cannot fundamentally solve the problem of pro-

duction information distortion of mobile manufacturing equipment in integrated 

manufacturing systems. Therefore, until today,  we haven't  find a production in-

formation data processing method can be applied mobile manufacturing equipment 

of integrated manufacturing system. 

To solve these problems, our team has engaged in research on methods using 

fractional-order calculus theory in data processing for many years, and found that 

the fractional order differential operator has the dual function of improving the sig-

nal strength and reducing the variability between information data, which can im-

prove the transmission distance and detection accuracy of information data effec-

tively [12-18]. Based on previous research, in this study, we apply fractional calculus 

theory to data detection of production information of mobile manufacturing equip-

ment in integrated manufacturing system. 
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2. Fractional differential definition and its application 

2.1. Fractional differential definition 

Fractional differentials, also named fractional derivatives, it extend the differen-

tial order of an integer-order differential equation to a fractional order. The concept 

of the fractional differential emerged in 1812 [19]. In the hundreds of years of devel-

opment of this theory, many scholars have proposed their own definition methods 

and theoretical systems based on their own understanding and application fields. 

Therefore, a strict definition of fractional differentials is not available to date. At pre-

sent, the commonly used definitions are those of Grunwald–Letnikov (G-L), Caputo, 

and Riemann–Liouville (R-L) [20,21].  

2.1.1. R-L fractional differential operator  

According to the principle of mutual inverse operation of Cauchy's indefinite 

integral formula with the fractional differentiation and fractional integration, can ob-

tain the R-L definition of fractional differentiation:  
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In the equation above, 0 ≤ n-1 < n, Г is the gamma function. 

The main advantage of this definition is that the initial value of its Laplace trans-

form can be obtained only by using the integer order derivative. Its disadvantage is 

that it has stricter requirements on the function f(x) than other definitions, but its 

premise is the integer order derivative of the function f(x) is absolutely integrable. 

2.1.2. G-L fractional differential operator  
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In the equation above, 0 ≤ n-1 < n, and 
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According to the definition of integral derivative of function, this definition ex-

tends the order of differential from integer to fraction, which is suitable for numerical 

calculation. 

2.1.3. Caputo fractional differential operator 

          
( ) ( ) ( ) xfDDtfD nvn

ta

v

t

C

a

−−=            (4) 

In the equation above, 0 ≤ n-1 < n. 

In order to simplify the calculation of fractional differential, this definition fur-

ther improves the Grunwald letnikov definition on the basis of the basic properties 

of fractional calculus.  

Among the definitions of above, the G-L definition is widely used in engineering 

because of its simple calculation process and high speed. Therefore, the G-L defini-

tion of fractional differentials was used in this work to study the fusion processing 

technology of mobile equipment detection information data in an integratedcontrol  

system.  

2.2. Effect of fractional differential on detection signal 

The detection data is obtained from the analysis and processing of detection in-

formation. Therefore, the measurement error generated in the acquisition and trans-

mission of detection information directly affects the accuracy of the detection data. 

In terms of the mathematical properties of the signal and the characteristics of the 

signal structure, the detection signal contains the information of the fractional differ-

ential characteristics, but this kind of information is not suitable for processing by 

integer differential operators. For years, many mathematicians and scientists have 

tried to apply fractional calculus theory in signal processing and have achieved good 
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application effects [22,23]. It is assumed that there is a detection signal ( )S t , where 

( ) ( )2S t L R , and its Fourier transform is  

( ) ( )ˆ = i t

R

S S t e dt −

 .                                   (5) 

Let ( )vS t  be the v-order differential of ( )S t . According to the properties of the 

Fourier transform, we can obtain the following equation: 

( ) ( ) ( ) ( ) ( ) ( ) ( )ˆ ˆ ˆ
vFT v vv ivD S t DS i S e S

 
     = =

. (6) 

Considering the problem of signal modulation, the physical meaning of the 

Fractional differential processing of a detection signal is equivalent to the generalized 

amplitude and phase modulation. According to signal modulation properties, the v-

order fractional calculus operation of the detected signal is equivalent to establishing 

a linear time invariant filtering system for the signal, and its filtering function is 

  ( )ˆ( ) v
v ivd e

 
 =                             (7) 

Referring to (7), we can draw the spectrum characteristic curve of fractional dif-

ferential operator, as shown in Fig. 1. 

 

Figure 1. Spectral characteristic curve of fractional differential operator. 

 

From Fig. 1, we know that after fractional differential processing, the signal has 

the following characteristics:  

1. The signal shows different levels of signal enhancement for different frac-

tional differential operators, so that the VLF components of the signal can be 

preserved nonlinearly. 

2. From the perspective of physics, signal processing by the fractional differen-

tial operator can be understood as the generalized amplitude phase modu-

lation of the signal. In this way, the fractional differential operator can sig-

nificantly improve the signal strength when processing the high-frequency 

part of the signal. 

3. The fractional differential can improve the relatively high frequency signal 

strength significantly. It also has the function of improving low-frequency 

signals. 

In recent years, many experts and scholars have studied the theory of fractional-

order calculus and found that it is suitable for the study of signals with undesirable 

characteristics, such as nonlinearity, noncausality, and non-stationarity, and for var-

ious data applications. 

 

2.3. Fractional partial differential equation 

According to the G-L definition of the fractional partial differential, In the ex-

pression of the fractional-order calculus under the G-L definition, the time t in the 

signal f(t) is the influence factor of the signal amplitude, where t∈[t1, t2]. If =i it x , 

and    1 2, ,t t a b  , reference Eq. (2), we can obtain the equation as follows: 
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In Eq. (7), 0 < n – 1 < n,  
 
 

v

i

is a binomial coefficient, defined as 
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In Eq. (7), where 0h → , n→ , and ( )= /h b a n− . 

We extend it to two-dimensional space. Assuming that the information acquisi-

tion system collects any given two-dimensional energy signal ( ),S x y , and 

( ) ( )2,S x y L R , we can obtain the fractional partial differential equation ( ),S x y  of the 

signal as follows: 
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In the above equation, 
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2.4. Applications of fractional partial differential equations 

Compared with an integer order partial differential equation, the outstanding 

advantage of fractional partial differential equation is that it can better simulate the 

physical process and dynamic system process of nature. Compared with fractional 

differential equations, a fractional partial differential equation can take the unknown 

quantity in the equation as the influence factor to realize the fractional differential 

treatment of multiple influence factors in the equation. Because fractional partial dif-

ferential equations have the above advantages, in recent years, the research on the 

characteristics and applications of fractional partial differential equations has become 

the focus of many experts and scholars. Some research results have been widely used 

in the research of technical problems in the fields of temperature field distribution, 

image processing, mechanical analysis, and detection technology. For example, 

WANG Bao et al [24] applied fractional partial differentials to achieve the research 

goal of thickness design of high-temperature protective clothing under actual limited 

conditions;  ZHOU Shangbo et al [25] applied them to prove their advantages in 

image denoising and reducing step effect and in denoising and super-resolution re-

construction. SHEN Tianlong [26] applied fractional partial differentials in the re-

search field of fluid mechanics; ZUO Yanhong et al [16-18] applied it in test data fu-

sion processing technology of a discrete manufacturing system. 

3. Fusion technology Mobiledevice detection data based on fractional partial dif-

ferential operator 

3.1. Fundamental principle 

The essence of the fractional-order calculus processing of the signal under the 

G-L definition is to apply the linear fit to the spectral characteristic curve obtained 

via fractional-order calculus, suppose the system detects an energy signal F(t) , takes 

the middle and high frequency part of the signal as the analysis object, where t∈ (t1, 

t2). During the information detection，the detection data in the transmission process 

will inevitably be affected by a variety of factors, such as the equipment performance, 

working environment, and signal interference, thus bringing a large data detection 

error. Referring to equation Eq. (7), consider x as a detection value for the influence 

factor, we can get the corresponding equation F(x), x∈ (a, b), h is the step value of the 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 March 2023                   doi:10.20944/preprints202303.0177.v1

https://doi.org/10.20944/preprints202303.0177.v1


variation of x between (a, b), and the number of fitting steps is n = [(b – a)/h]. Accord-

ing to Eq. (2) and Figure 1, the spectral curve of the fractional order calculus under 

the definition of G-L when the value of h is different is shown in Figure 2. According 

to Figure 2, We can see that when the step values are h and 2h respectively, with the 

increase of step h, the amplification factor and detection accuracy of information data 

will be improved accordingly.

 

Figure 2. Partial enlargement of data processing results under unsynchronized distance val-

ues. 

 

3.2. B. Mobile device detection data fusion algorithm model based on fractional partial 

differentials 

To keep our presentation concise, we assume that the monitoring information 

of mobile equipment collected by wireless network technology is mainly affected by 

factors x  and y , and the functional relationship between the signal detection value 

and the influence factor is J(x, y). Because the influences of the two influence factors 

x and y on the detected value are independent of each other, the calculation method 

of the function for influence factors x and y are interdependent  . According to the 

spatial function ( )VBV   of differential detection data fusion, the model of mobile 

equipment monitoring information data fusion algorithm based on fractional partial 

differential equation under the IoT is as follows: 
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In the above equation, 
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3.3. Mobile device detection data fusion process based on partial differential 

With the increasing maturity of IoT technology, there is no technical problem in 

applying the wireless sensor network technology to realize the effective perception 

and real-time collection of mobile equipment monitoring information. When 
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applying the data fusion method to realize the effective fusion processing of infor-

mation detection data to improve the detection accuracy of monitoring information, 

refers to the implementation methods of other fusion algorithms, the fusion process 

of mobile device monitoring information and detection data based on fractional par-

tial differential operator is divided into the following steps. 

a) According to the type of monitoring information, the data acquisition system applies the corresponding 

sensors to effectively perceive the monitoring information generated by the mobile equipment in the opera-

tion process and uses the wireless network to realize the real-time acquisition of the required monitoring 

information and detection data. 

b) The data acquisition center then judges the effectiveness of the detection data according to the detection 

error set by the system. If the error between the data is within the error range set by the system, the detection 

data will be directly transmitted to the data center of the detection system. 

c) If the error within the data exceeds the error range set by the system, the fractional partial differential equa-

tion fusion is applied to process the detection data until the error within the fused data is within the error 

range set by the system. 

d) Finally, the fused data are transmitted to the data center of the detection system, and the processing stage 

ends. 

4. Application experiment of algorithm in information detection and data pro-

cessing of logistics trolley in computer integrated manufacturing system 

4.1. Construction of experimental platform 

To explore the fusion effect of fractional partial differential operator in mobile 

equipment information detection data of an integrated manufacturing system, this 

paper uses the production line located in the engine machining workshop of Hitachi 

Construction Machinery (China) Co., Ltd. in the Hefei Economic and Technological 

Development Zone as the experimental platform. The mobile equipment work infor-

mation monitoring experimental platform in the engine integrated manufacturing 

system of Hitachi Construction Machinery (China) Co., Ltd. is shown in Fig. 3. 

 

Figure 3. Schematic diagram of the mobile equipment monitoring information acquisition sys-

tem of an integrated manufacturing system. 

 

To avoid affecting production, as shown in Fig. 3, the receiving device used in 

the collection of mobile equipment production information was placed in the north-

west corner of the workshop. Because the traveling mechanism of the logistics trolley 

has the highest failure rate in the rail mobile equipment, and its common failure is 

that the bearing operation fails due to the high temperature of the traveling 
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mechanism bearing. this experiment takes the temperature of the bearing of the lo-

gistics trolley in the engine integrated manufacturing system as the research object 

and uses the detection data fusion algorithm based on the fractional partial differen-

tial operator to fuse the measured information data, to prove the effectiveness of the 

fractional partial differential operator in the monitoring information data fusion of 

mobile equipment in the integrated manufacturing system. 

4.2. Collection of oil temperature information data of logistics trolley by information 

detection system 

In this experiment, we use the wireless network transmission mode based on 

2.4GHz WiFi to send the monitoring information to the signal receiving device. In 

order to reduce the detection error, the measurement is carried out when the logistics 

trolley reaches each detection point shown in Fig. 3, the distance from each measure-

ment point to WiFi is shown in TABLE I. Five temperature sensors are used to collect 

the temperature data of each measuring point in a short time, and the average value 

of the detection values of five sensors at different positions is used as the detection 

value value is taken as the detected value of each measuring point of the bearing 

temperature of the traveling mechanism, as shown in TABLE I. According to the data 

shown in TABLE I, the temperature distribution curves of the bearings of the travel-

ing mechanism of the logistics trolley at different positions are drawn, as shown in 

Fig. 4, we found that the measured values of the bearing oil temperature at different 

positions of the logistics trolley show an irregular discrete distribution above and 

below the average value of  34.44°C, and the mean standard deviation Sy = 0.12. The 

temperature distribution curves of the bearings of the logistics trolley traveling 

mechanism The temperature distribution curve of the logistics trolley running mech-

anism bearings when each sensor is detected in different working units, as shown in 

Fig. 5, we found that the measured values of the logistics trolley bearing oil temper-

ature by different sensors showed an irregular discrete distribution above and below 

the average value of 34.44°C, and the average standard deviation is Sx = 0.16. 

 

TABLE I. OIL TEMPERATURE SAMPLING DATA OF LOGISTICS TROLLEY AT EACH POSITION (°C) 
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Fig. 4. Distribution curve of oil temperature detection data when the trolley is at different positions 

 

 
Fig. 5. Oil temperature data distribution curve of trolley after being detected by different sensors 

 

4.3. Fusion processing of detection data by fractional partial differential operator 

4.3.1. Selection of influence factors of detection value 

According to the introduction of the experimental platform above, it can be seen 

that the whole experiment is completed in a short time and in the same workshop, 

so the environmental factors have little impact on the difference between the bearing 

temperature detection data of the traveling mechanism. In the whole experiment, the 

equipment used have not changed, so the influence of equipment performance on 

the bearing temperature of the walking mechanism in different detection units can 

be ignored. When the logistics trolley operates in the same detection unit, the differ-

ence in the performance of the five sensors can cause a detection error in the detection 

data of the unit. Different working positions of detection units will lead to great dif-

ferences in electromagnetic interference intensity, signal transmission obstruction, 

and transmission energy loss in the process of signal transmission, resulting in large 

detection errors in detection data between detection units. The above two factors are 

the main causes of signal distortion in WiFi acquisition. Thus, the performance and 

working environment of logistics trolley detection instrument are the main influenc-

ing factors of signal distortion in WiFi acquisition. Since the standard deviation is the 

best indicator to measure the quality of test data, this case uses the performance of 

the test equipment as the influence factor x and the working environment of the 

equipment as the influence factor y to effectively process the test value of bearing oil 

temperature. 

4.3.2. Functional relationship between influence factors and detection value Fi 

The least squares method does not need prior information on data and has good 

data fitting accuracy, so it is widely used in the fitting of function relations. in this 
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case, the least squares method is used to fit the functional relationship F(x, y) between 

the influence factors (xi, yi) and the detected value Fi. According to the standard de-

viation Six of each sensor described above and the standard deviation Siy of environ-

mental impact factors of a logistics trolley in each detection unit shown in TABLE I, 

the least squares method was used to obtain the functional relationship F (x) and F 

(y) of the logistics trolley in the working process. It is assumed that the mathematical 

expressions of the functional relations F(x) and F(y) between the measured value Fi 

and its two influence factors are as follows: 
2

0 1 2

2

0 1 2

( )

(y)

n

n

m

m

F x a a x a x a x
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From the data in TABLE I, it can be seen that every experimental datum is equal 

to F (xi) and F (yj); so, F(x) = F(y); then, we obtain the following equation: 
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.      (13) 

a) Functional relationship between influence factor y and detection value F 

According to (12), the function F(x) is obtained by calculating the values of co-

efficient ai and order n. According to the basic definition of the least squares method, 

the order of the polynomial shown in the equation of F(x) should be less than the 

number of samples; so, n < 8. According to the experimental data shown in TABLE I, 

using the polyfit function in MATLAB software, we can conclude that when the order 

of the polynomial n = 1, The total error between the fitting value of the detection data 

Fj of all sensors and the measured true value F is 0.343-the smallest one. In this case, 

the functional relationship between the detection data Fi and the influence factor xi is 

given by 

( ) -1.2*y+34.557=F y .                        (14) 

b) Functional relationship between influencing factor  x and detection value F 

According to the above theory, the function F(y) is obtained by calculating the 

values of coefficient bi and of order m using (12). According to the basic definition of 

the least squares method, the order of the polynomial F(y) shown in (12) should be 

less than the number of samples, so m < 5. According to the experimental data shown 

in TABLE I and the polyfit function in MATLAB software, we can conclude that when 

the order of the polynomial m = 1, the total error between the fitting value of the 

detection data Fi of all sensors and the measured F is 0.165-the smallest one. In this 

case, the functional relationship between the detection data Fi and the influence factor 

xi is given by 

( ) -0.562*x +34.531=F x .                  (15) 

4.4. Selection of fractional order v and step h 

a)  Select the value of fractional order v 

According to the amplitude and frequency characteristics of the fractional dif-

ferential operator, we know that when the differential order is 0 < v < 1, the fractional 

differential operator has a nonlinear function retaining the very low frequency part 

of the signal and enhancing the low frequency part of the signal, and the enhance-

ment effect becomes increasingly obvious with the reduction of the order.  To save 

space, this case considers the fractional order v as the middle value of the range [0, 

1] and studies the application effect of fractional partial differential equation in the 

data fusion processing of bearing oil temperature sampling under the Internet of 

things. 

b) Select the value of discrete step h 

In Fig 2, it can be seen that the smaller step can obtain higher detection accuracy 

accurate fusion data, but it has the shortcoming of a low efficiency. In this case, the 

fusion speed and fusion accuracy are comprehensively considered. According to TA-

BLE I., we can see that the value interval of the influencing factor x is [0.06, 0.27], and 
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the value interval of the influencing factor y is [0.06, 0.27]. In order to verify that the 

fractional differential algorithm can obtain high-precision information data by ad-

justing the value of step h, we selected the step value h = 0.02 and h = 0.01 to study 

the effect of the step value h on the processing accuracy S of information data.  

4.5. Data fusion and results analysis 

Next, the related parameters (v, h1, h2, m, n) are substituted into the mathematical 

model of mobile device detection data fusion processing based on the fractional par-

tial differential equation shown in (8) and (9). We obtain the following calculation 

formula: 

( )
( ) ( )0.5 0.5

0.5

0.5 0.5

, ,
,

F x y F x y
F x y

x y

 
= +

 
 .                    (16) 

In the above equation, 

( )
( ) ( )

( )
( ) ( )

1

2

0.5 8

1 10.5 0
0

0.5 16

2 20.5 0
0

, 0.5
lim 1

, 0.5
lim 1

iv

h
i

jv

h
j

F x y
h F x ih

ix

F x y
h F x jh

jy

−

→
=

−

→
=

  
 − −  

  

  

 − −    





 .              (17) 

 

4.5.1. When the Step length h = 0.02 

When the distance walk length h = 0.02, and the number of steps to be calculated 

nx = [(0.27-0.06)/0.02] = 11, and ny = [(0.27-0.06)/0.02] = 11 according to the value range 

[0.016, 0.035] of the influence factor y (information energy consumption loss) shown 

in TABLE I, In this way, the fusion calculation steps nx and ny of the influence factor 

x and the influence factor y are similar and can meet the requirements of calculation 

speed and accuracy at the same time. Combined (13), (14) and (15), we obtain the 

following equation: 

( , ) ( 1.2* 0.562*x +69.09)/2= − +F x y y .                  (18) 

According to (17), we can obtain  

( )
( ) ( )

( )
( ) ( )

0.5 13
0.5

0.5
0

0.5 14
0.5

0.5
0

, 0.5
0.02 1 0.02

, 0.5
0.02 1 0.02

−

=

−

=

  
 − −  

  

  

 − −    





i

i

j

j

F x y
F x i

ix

F x y
F x j

jy

.                (19) 

Combined (17), (18) and (19), we can calculate the oil temperature detection val-

ues F(xi, yj) of each temperature sensor at different sampling points shown in TABLE 

I. processed by the fractional differential algorithm of h=0.02, v=0.5 fractional order 

differentiation algorithm, The results of it are shown in TABLE II. 

From the data shown in TABLE II, we can conclude that after h = 0.02, v = 0.5 

fractional order differentiation algorithm fusion,  the numerical magnification  is 

K0.02= 1.18,  this can improve the anti-interference ability of the signal and the relia-

bility of information transmission. In order to compare the effect of data fusion with 

other algorithms, divide the data in TABLE II by K0.02 and calculate the final data 

processing result, as shown in TABLE III. From TABLE III, We can see after fused by 

fractional partial differential, the mean standard deviation Sx= 0.037, nearly one-forth 

then the original accuracy, and the mean standard deviation Sy = 0.0201, nearly one-

sixth then the original accuracy. Therefore, it can be verified that the fractional dif-

ferential operator has the function of enlarging the detection information strength 

and improving the detection accuracy of information data.  
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TABLE III.   
 TEMPERATURE DATA SHEET AFTER 0.5-ORDER PARTIAL DIFFERENTIAL TREATMENT WHEN STEP LENGTH H=0.02 

(°C) 

 
 

Apply the data in TABLE Ⅲ to draw the information data distribution diagram 

of the oil temperature data in each work unit after the information data is processed 

by h = 0.02, v = 0.5 fractional partial differential algorithm, as shown in Fig. 6. The 

information data distribution diagram of the oil temperature detected by different 

sensors as shown in Fig. 7. It can be seen from Fig. 6 and Fig. 7 that the distribution 

curve of oil temperature detection data is approximately a straight line after frac-

tional partial differential processing. Therefore, it can be proved that the fractional 

differential operator has the function of fusing the difference between the infor-

mation data to improve the detection accuracy of the detection system, and enhanc-

ing the information strength to improve the reliability of the production system.  

 

TABLE IV.   
FINAL OIL TEMPERATURE DATA TABLE AFTER 0.5-ORDER PARTIAL DIFFERENTIAL TREATMENT WHEN STEP LENGTH 

H=0.02 (°C) 
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Fig. 6. Distribution curve of oil temperature detection data when the trolley is at different positions when h=0.02 

 

 
Fig. 7 Oil temperature data distribution curve of trolley after detection by different sensors when h=0.02 

4.5.2. When the Step length h=0.01 

To explore the influence of fractional differential operator step h on information 

strength and data accuracy. This time, we choose the step value h = 0.01 and the num-

ber of steps to be calculated mx = [(0.27-0.06)/0.01] = 21, and my = [(0.27-0.06)/0.01] = 

21. According to (17), we can obtain the following equation: 

( )
( ) ( )

( )
( ) ( )

0.5 25
0.5

0.5
0

0.5 28
0.5

0.5
0

, 0.5
0.01 1 0.01

, 0.5
0.01 1 0.01

−

=

−

=

  
 − −  

  

  

 − −    





i

i

j

j

F x y
F x i

ix

F x y
F x j

jy

 .                  (20) 

Application (17), (18) and (20), we can calculate the test data F (xi, yj) shown in 

TABLE I processed by the fractional differential algorithm of h=0.01, v=0.5 Fractional 

order differentiation algorithm. The results of it are shown in TABLE Ⅳ. 
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TABLE VI.   
THE FINAL OUTCOME OF 0.5 ORDER PARTIAL DIFFERENTIAL FUSION OF BEARING TEMPERATURE OF TRAVELING 

MECHANISM OF LOGISTICS TROLLEY (°C) 

 

 
 

Divide the data shown in TABLE Ⅳ by the numerical magnification K0.01 =1.227, 

and we can get the results of the original data shown in TABLE Ⅴ. From the data 

shown in TABLE Ⅴ, we can see that fused by h=0.01, v=0.5 fractional order differen-

tiation algorithm, its numerical magnification  is higher than 1.18 which fused by h 

= 0.02, v = 0.5 order partial differential algorithm obviously.  The standard deviation 

between the fused data is Sx = 0.0365, Sy = 0.019, lower than the standard deviation Sx 

= 0.0371, Sy = 0.0201 fused by h = 0.02, v = 0.5 order partial differential algorithm. Use 

the data shown in the TABLE Ⅴ to draw the information data distribution curve, as 

shown in Figure 7 and Figure 8. We can intuitively see the effect of step h on data 

processing accuracy from Figures 7 and 8. 

TABLE VII.   
THE FINAL OUTCOME OF 0.5 ORDER PARTIAL DIFFERENTIAL FUSION OF BEARING TEMPERATURE OF TRAVELING 

MECHANISM OF LOGISTICS TROLLEY (°C) 
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Fig. 7. Distribution curve of oil temperature detection data when the trolley is at different positions when h=0.01 

 

 
Fig. 8. Oil temperature data distribution curve of trolley after detection by different sensors when h=0.01 
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4.5.3. Application effect analysis 

According to the application results of the method in the case, it can be concluded 

that the fractional partial differential algorithm has three advantages in the inspection of 

mobile device production information data in integrated manufacturing systems. 

1. It has high accuracy, and can eliminate the detection error of mobile device infor-

mation data caused by multiple factors by adjusting the number of terms of frac-

tional partial differential equation. 

2. It can be realized by adjusting the step size h of fractional differential operator, 

Implement the detection technology of precision information data required by 

the production system. 

3. It can improve the signal strength of detection information and avoid the problem 

of information data distortion caused by energy loss during the transmission of 

detection information. 

For the above three advantages, the method used in this paper can solve the problems 

existing in the engineering practice of many current algorithms successfully, and realize 

the high-precision detection technology for the production information data of mobile de-

vices in the integrated manufacturing system. 

5. Conclusion 

Mobile equipment is an important part of integrated manufacturing system, obtain-

ing its accurate detection information data in real time is a prerequisite to ensure the nor-

mal operation of computer integrated manufacturing system. Wireless transmission is the 

main transmission mode of monitoring information, but in the process of wireless net-

work transmission, transmission signal distortion is caused by detection equipment per-

formance, signal interference and energy loss, and it is the main technical problem of the 

integrated manufacturing system. The mobile equipment monitoring information and de-

tection data collected by the integrated manufacturing system production information 

management system under the IoT will inevitably have unpredictable measurement er-

rors, so it becomes an urgent problem to be solved in the current integrated manufacturing 

system. Faced with the shortcomings of various current methods to solve problems, This 

paper, the use of fractional differential operators has the dual advantages of improving 

signal strength and detection accuracy, extends the fractional differential operator to the 

field of fractional partial differential and establishes a mobile equipment detection data 

fusion algorithm model based on fractional partial differential equation. Through appli-

cation in the bearing oil temperature detection data fusion processing of a logistics trolley, 

which is an important production equipment in the integrated manufacturing system, we 

have verified the effectiveness of our method for mobile equipment detection in an inte-

grated manufacturing system, and realized the research goal of using fractional partial 

differential equations to detect the mobile equipment monitoring information in an inte-

grated manufacturing system rapidly and with high precision. It successfully solves the 

shortcomings of current methods in solving problems. The research results can provides 

technical support for ensuring the working reliability of integrated manufacturing system, 

and has great value to promote the development of integrated manufacturing technology. 
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