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Since the 19th National Congress of the Communist Party of China, the key to rural development has been to solve the problem of
rural development. The “three rural issues” is a critical issue for the country’s economy. In addition, the implementation of the
Rural Revitalization Strategy under the environment of data financial and economic development can be more convenient and
efficient. However, the traditional sensor fusion technology still has the disadvantages of low efficiency and high cost in the
application of Rural Revitalization and digital financial economic development model. In order to solve the shortcomings of this
technology, this paper proposes a multimodal sensor fusion technology combined with BP neural network (BPNN, a commonly
used feedback neural network) and Kalman filter (a linear filtering algorithm), and it constructs a rural economic development
model combined with digital finance. This paper uses this technology to study the economic development model. Firstly, the
research method is to visit and investigate the residents and basic economic situation of a village and then use the economic
development model constructed in this paper to carry out the economic analysis of the BPNN model and Kalman filter model. It
includes Mohr scatter diagram, economic income, industrial investment, product export, and household consumption. The
results show that the Mohr scatter diagram of the village changes from the third quadrant (-0.7, —0.5) to the first quadrant (-0.7,
0.3); the difference between the economic income calculated by the Kalman filter algorithm and BPNN algorithm and the actual
value shall not exceed 10%. The rural industrial investment index increased by 56.08, the product export index increased by 30.11,
and the household consumption index increased by 13.10. It shows that the economic development model constructed in this
paper has achieved good results.

1. Introduction

Rural Revitalization is the fundamental issue of the national
economy and the people’s livelihood, and digital finance is a
new financial service born under the Internet environment.
The agricultural system is intricately tied to a country’s
structure and rural change. Studying the economic devel-
opment model of Rural Revitalization and digital finance can
accelerate the implementation of the Rural Revitalization
Strategy. Multimodal sensors are defined by the existence of
multiple models or channels, such as visual, auditory, en-
vironmental, and physiological signals. By using multimodal
sensor fusion technology, we can improve agricultural
production efficiency and sales of agricultural products and
accelerate the transformation of agriculture and the

construction of Rural Revitalization. The key distinction
between multimodal sensor fusion and standard sensor
fusion is that independent or multiple acquisition methods
can be used.

The wide application of digital financial economy has
provided great convenience during the epidemic. It is a good
way to integrate digital finance into the Rural Revitalization
Strategy. Many scholars have conducted relevant research on
this. Chen studied how to promote the development of rural
economy through live broadcasting in the epidemic envi-
ronment [1]. Peng studied the resources of rural areas from
the perspective of Rural Revitalization. Relying on the rich
local agricultural and sports leisure resources, he promoted
the rural economic and cultural construction and intro-
duced a scientific and reasonable integration mechanism. It
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systematically analyzes the objectives, contents, and
methods of the combination of ecological tea garden and
leisure sports, as well as the design of coordination, trans-
mission, and matching mechanism for the construction and
development of tea bases. It aims to build a sports leisure
town [2]. Wasserbacher and Spindler introduced machine
learning methods for financial forecasting, planning, and
analysis (FPA) to analyze models of economic development.
Machine learning seems to be very suitable for supporting
FPA by extracting information from a large amount of data
with high automation [3]. Aisaiti et al. investigated and
understood China farmers’ financing intentions for Inclu-
sive Finance, integrated the embeddedness of social enter-
prises and digital finance into conceptual models, and
further studied its regulatory role. Digital finance can greatly
improve the positive correlation as a corrective factor [4].
Igor discussed the theoretical problems of regional evalu-
ation of independent development under the condition of
digital economy. He also introduced the indicators and
strategic objectives of digital economy development in rural
areas [5]. Briglauer et al. found that increasing the broad-
band coverage can protect rural areas from population
decline [6]. Arslan et al. created a food system index (FSI).
The index looks at how food systems, structures, and rural
change are linked. They used the index to analyze the impact
of extensive development interventions such as finance and
digital connectivity on the development of rural economy
[7]. Although these studies have promoted the application of
digital finance in Rural Revitalization Strategy to a certain
extent, the effect is not ideal in today’s epidemic
environment.

In order to promote the development of the Rural Revi-
talization Strategy in the epidemic environment, the traditional
data financial economy model needs to be improved. There-
fore, some scholars propose to use sensor fusion technology to
develop rural digital financial economy. Among them, Qiu
et al. proposed the fusion method of multimodal and multi-
position sensors [8]. Foot-and-mouth disease (FMD) is a
disease that affects humans. Basavarajaiah aimed to fit sensor
fusion noise estimation through snapshot technology to reduce
high-dimensional large-scale real-life FMD data sets [9]. Zhu
et al. proposed a new algorithm for dynamic model recogni-
tion. Zhu et al. gave the centralized fusion method of all least
squares and deduced the multisensor recursive fusion algo-
rithm under the framework of all least squares [10]. Le et al.
studied the recognition method based on multisensor signal
fusion technology from the three-dimensional direction [11].
Bhilare et al. introduced the design, fabrication, and charac-
terization of multimode sensors with integrated stretchable
tortuous interconnections. Bhilare et al. proved that, using the
established PCB manufacturing technology, laser processing,
and sheet metal forming methods, the integrated multimode
sensor can be used to convert the common flexible printed
circuit board (PCB) basic materials into stretchable circuits
[12]. Although the above research mentioned the use of sensor
fusion technology to improve the development model of rural
digital finance, they all lack comprehensive understanding, and
these methods still have the problems of unclear effect and high
cost.
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This paper uses the method of multimodal sensor fusion
to design a development model of Rural Revitalization and
digital financial economy. It also uses an artificial neural
network and Kalman filter model to test the actual effect of
this method on the economic development of rural digital
finance. The results show that the Mohr scatter diagram of
the village changes from the third quadrant (0.7, -0.5) to
the first quadrant (-0.7, 0.3). Moran scatter chart is used to
understand the aggregation degree of digital finance in the
region, which changes from the third quadrant to the first
quadrant, indicating that the aggregation degree of digital
finance in the village has been significantly improved.
Compared with the economic income calculated by the
Kalman filter algorithm and BPNN algorithm, the calculated
difference in 2019 is the largest, but not more than 2 million
yuan, which is no more than 10% compared with the actual
value of 20.752 million yuan. It shows that the calculation
error of the two models is small. The percentage of economic
difference between rural per capita income and urban per
capita income decreased from 43.04% in 2017 to 16.03% in
2021, showing a sharp decline curve, indicating that the
economic development speed of the village has been im-
proved. The innovation of this paper is to creatively propose
a method to promote the revitalization of rural areas and the
development of digital financial economy by using multi-
modal sensor fusion technology. Through the prediction and
comparison between the Kalman filter model and the neural
network model, the results are more intuitive and reliable.

2. Economic Development Model Based on
Multimodal Sensor Fusion

2.1. Construction of the Economic Development Model.
Wearable sensors are another area where multimodal sen-
sors may be used. Researchers employed wearable sensors
put at various spots on the human body to recognize various
everyday activities in the beginning. However, due to the
reduced cost, smaller size, and increased privacy of many
sensors included in smartphone devices in recent years,
researchers have begun to pay greater attention to smart-
phone sensors. Gyroscopes, GPS, accelerometers, micro-
phones, gravity sensors, magnetometers, and other
smartphone sensors are examples. The majority of prior
research on behavior identification using cellphones was
done offline using various machine learning methods;
however, there has been a trend toward online recognition in
recent years. Data acquisition, preprocessing, and classifi-
cation processes can all be done locally on the smartphone
with online behavior recognition, and in some cases, online
behavior recognition, feature extraction, and classification
processes are performed on a remote server or cloud with
online behavior recognition.

Sensor-based behavior identification systems have been
effectively implemented in the sectors of medical diagnos-
tics, smart homes, sports, and leisure and have attracted a lot
of interest from academics and the general public. In the
field of medical diagnosis, for example, the use of intelligent
equipment systems can transform a clinical setting into a
treatment environment based on patients or patients’
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families, and continuous physiological monitoring can be
performed under any conditions, reducing patient hospi-
talization time and improving diagnostic accuracy. In terms
of smart homes, assisted living systems are used to give
supervision or help to inhabitants, protect their safety and
health, and provide services such as fall monitoring and
safety assurance; in sports and recreation, wearable sensors,
on the other hand, can be utilized for sports video anno-
tation, sporting events, and other commercial operations. A
vast amount of multimodal sensor data is created on a
regular basis, and how to interpret this data efficiently has
become a key problem among academics. At the moment,
multimodal sensor behavior recognition research is still in
its infancy, and the majority of data feature extraction ap-
proaches are done manually.

The overall architecture of multimodal sensor fusion (the
integration or fusion of two or more biometric technologies
is referred to as multimodality) used in this paper is shown
in Figure 1. In the figure, video, image, voice, and text are
recognized and classified by the neural network model and
Kalman filter model, respectively. Then, the data are fused
into the visual memory network and text memory network
through the homogenization pool, and finally, the output
results are connected and Softmax logistic regression. An
extension of the logistic regression model is the Softmax
logistic regression model.

The development model of Rural Revitalization and
digital financial economy constructed in this paper is shown
in Figure 2. According to the Rural Revitalization Strategy, it
is divided into ecological environment construction, gov-
ernance structure upgrading, road transportation system
improvement, cultural heritage inheritance, industrial in-
frastructure construction, model reform and innovation,
public facilities construction, and rural style construction.
Each aspect is subdivided into several strategic measures. For
example, industrial infrastructure construction is divided
into agricultural industry construction, cultural tourism
industry construction, health industry construction, and so
on. In addition, this paper carries out Rural Revitalization
construction combined with digital financial economy. It
includes rural Taobao, online bank loans, mobile payment,
and other digital financial methods to facilitate the people
and drive the rural economy at the same time. It provides a
guarantee platform for rural residents to move towards
prosperity.

Digital finance is a financial development model in
which the Internet and information technology are applied
to traditional financial services. Financial institutions and
Internet enterprises combine information technology with
financial services such as payment and settlement, credit,
savings, investment, and insurance. It has an impact on the
traditional financial model. Many innovative financial
products facilitate the provision of financial services. Under
the fierce market competition, differentiated products can
meet the different needs of customers. By using big data to
improve the risk control system, it alleviates the problems of
information asymmetry and risk ethics and comprehen-
sively improves the risk control ability of finance [13, 14].
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Ficure 1: Multimodal sensor fusion architecture.

Digital finance is inclusive, which is the supplement and
important development direction of Inclusive Finance. In-
clusive Finance is committed to solving the constraints of
people’s inability to participate in the financial sector and
providing solutions, especially providing financial services to
groups that have been excluded from finance for a long time.
For example, it provides special credit for small and
microenterprises and establishes small and microenterprises
and specialized branches for agriculture, rural areas, and
farmers, which makes financial services benefit everyone and
promote the balanced development of the financial system.
In recent years, Inclusive Finance has developed well under
the promotion of policies [15], but the problems of financing
difficulties of small and microenterprises and difficult access
to financial services in rural areas have not been improved.
The imbalance of Inclusive Finance can be attributed to the
asymmetry between supply and demand of financial ser-
vices. Financial service providers pay attention to short-term
interests and lack of awareness of long-term service in-
vestment in rural areas, and the supply side does not realize
the balance between urban and rural financial development.
Similarly, for the demand side, the financial quality is weak,
and the economic scale is small. Therefore, the imbalance
between supply and demand requires suppliers to improve
customers’ awareness of investment and risk management
on the basis of sustainable business development. At the
same time, under the background of the information age, it
innovates the financial service model with the help of in-
formation technology [16, 17].
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FIGURE 2: Rural Revitalization and the development model of
digital financial economy.

For the industrial development of digital finance, its
roadmap can be shown in Figure 3. To develop the digital
financial industry, we must first establish a digital account
system and then have a digital payment method. In addition,
it should ensure that the digital account system matches the
banking system, issue digital currency according to laws and
regulations, and finally manage and improve the develop-
ment of financial products such as digital debt [18].

The specific reasons for the failure of rural financial and
economic development are as follows: long space distance,
backward infrastructure in rural areas, and few physical
outlets of banking financial institutions. It is difficult to
maintain a sustainable operation due to large time con-
straints. Financial services are insufficient, and the income of
residents in rural areas is unstable. Compared with urban
deposits and savings, banks are difficult to achieve econo-
mies of scale. The fixed cost of daily operation makes banks
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less inclined to rural resources. The contradiction between
financial service efficiency and social resource equity leads to
market failure and insufficient services. The ability of cus-
tomers is insufficient, and the rural credit investigation
system is not perfect. It is difficult for farmers to provide
materials to prove their credit and repayment ability. The
group’s incomplete cognition of financial services, distrust of
financial business, and low recognition of financial fraud
may lead to the absence of financial services [19].

The development of digital finance has played an im-
portant role in solving the above problems of Inclusive
Finance. Digital finance relies on information technology
and breaks the constraints of time and space. Financial
services can realize the function of resource allocation with
new modes, organizational forms, and business processes. It
reduces the operating costs of the outlets of physical fi-
nancial institutions. It reaches rural areas with the advan-
tages of low cost, wide coverage, and high efficiency. Digital
finance improves the value preservation and appreciation of
rural residents’ assets through financial innovative products
and optimizes the allocation of market resources. It allows
rural areas that have long been excluded from financial
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development to enjoy diversified financial services and
improve the objectivity and rationality of financial services.
The development of digital finance has lowered the threshold
of various financial transactions and improved the personal
credit investigation system and credit risk management
mechanism. It improves the participation of the digital
inclusive financial market and improves the humanization
and initiative of financial services, and many ordinary people
can also participate in it [20].

2.2. BPNN Algorithm. BPNN is a widely used feedforward
neural network, and its neural structure is shown in Figure 4.
In this paper, it can be used for intelligent identification,
analysis, and processing of multimodal information. And
the Kalman filter algorithm is used to filter the data
transmitted by the multimodal sensors.

The net output of neuron I can be expressed as

n
Net,, = Zwi - X;. (D)
izl

Using the S-type activation function, the output can be
obtained:

y; = f(Net,, - 6;). (2)

0; is the threshold and its weight is —1; then,

yi:f<zwi'xi>' (3)
i=0

In the training process, set the training output as yf,;
then,

7= (Bi-6). 4)

The prediction error can be obtained by the least square
method:

Lo/ v k)
=5 > (7 ) 5)
j=1

It adjusts the parameters according to the error:
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FIGURE 4: Structure diagram of BPNN.
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3. Simulation Test

3.1. Data Acquisition and Index Determination. Using the
development model of Rural Revitalization and the digital
financial economy constructed above, this paper makes data
statistics and analysis on the actual economic promotion
effect of a village according to the time series relationship.
First of all, the author visited and investigated the actual
situation of the village in 2017. The survey contents include
the total population, the number of rural workers, and the
source of income, as shown in Table 1.
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Survey item number Survey content Finding
Population measurement 3215
Number of people working 1063
Monthly income per capita 2738

U1 W N =

Total rural economic income
Villagers’ per capita monthly consumption

7.838 million yuan

2106

TasLE 2: Rural characteristic resources. 2 | Moran satteplotr
Resource number Featured resources
S1 Tea .
S2 Historical buildings 1 o
S3 Local drama ‘ o
S4 Featured hand weaving gN R
S5 Coal mine
0 [
TaBLE 3: Applied digital financial economy. ¢
[ ]
Code Detail 1 °
El Mobile payment
. . -2 -1 0 1
E2 Internet banking services 7
E3 Rural Taobao
E4 Network fund FIGURE 5: Moran scatter map of the village and nearby areas in
2017.
TABLE 4: Selected data indicators.
2 | Moran satteplotr
Code Index
I1 Moran scatter value
12 GDP °
I3 Industrial investment index 1 N
14 Economic export index < o . S
15 Consumption index = ° e o° o °
0 ° o o L4
[ ] [
In addition, this paper also investigated the characteristic °
resources of the village, as shown in Table 2.
The specific digital finance applied in this paper is shown 1
in Table 3.
Finally, the data indicators selected in this paper are 2 . ZO ! 2

shown in Table 4. Among them, the troika representing the
economy, namely, investment, consumption, and export, is
the main index of data analysis. And it compares the rural
and urban economic development so as to more intuitively
understand the rural economic development.

3.2. Experimental Results

3.2.1. Moran Scatter Analysis. According to the relevant
public data collected on the Internet, this paper obtains the
Moran scatter map of the village and nearby areas in 2017
and 2021, as shown in Figures 5 and 6. Moran scatter chart
is used to understand the aggregation degree of digital
finance in this region, in which the abscissa represents the
variable region, the ordinate represents the aggregation
degree, and the slope represents the Moran index. A plus or
minus sign indicates that the correlation is positive or
negative. Different initial colors represent the digital

FIGURE 6: Moran scatter map of the village and nearby areas in
2021.

financial aggregation degree of different regions. The same
color indicates areas in the same quadrant and Moran
index interval. The red dot indicates the rural area selected
in this paper. In addition, the areas in the first quadrant
represent areas with high digital financial aggregation, and
the areas in the second quadrant represent areas with high
partial aggregation and low surrounding aggregation.
Those in the third quadrant represent areas with low ag-
gregation, while those in the fourth quadrant represent
some areas with low aggregation and high surrounding
aggregation.

As can be seen from Figure 5, the red rural areas selected
in 2017 are areas with low aggregation. The coordinates in
the figure are roughly (-0.7, —0.5). Choosing rural areas with
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low aggregation is more conducive to observing the benefits
brought by the implementation of the economic develop-
ment model constructed in this paper.

As can be seen from Figure 6, after five years of digital
financial and economic development, the Moran scatter in
the village has changed from the third quadrant with low
aggregation in 2017 to the first quadrant with high aggre-
gation in 2021. It also drives the periphery from the area with
a low aggregation degree to the area with a higher aggre-
gation degree. At this time, its coordinates in the figure
become (—0.7, 0.3). Therefore, it can be explained that the
method based on multimodal sensor fusion in this paper can
promote the development of rural digital financial economy.

3.2.2. Economic Income Analysis. This paper analyzes the
economic development of multimodal sensor fusion in the
village for five years. By comparing the Kalman filter al-
gorithm and BPNN algorithm mentioned in this paper with
the actual income value, the results are shown in Figure 7.
The actual value comes from the annual relevant financial
information report of the township government.

As can be seen from Figure 7, after the development of
the economic model constructed in this paper, the total
economic income of the village has increased year by year.
Compared with the Kalman filter algorithm, the calculated
value is always smaller than the actual value. It may be
because the filter coefficient adjustment is not accurate
enough, resulting in the reduction of the amount of data. For
BPNN, the predicted value is always larger than the actual
value, which may be due to the small weight adjustment
coefficient and repeated calculation, resulting in the increase
of the amount of data. The calculated difference in 2019 is the
largest, but not more than 2 million yuan, which is no more
than 10% compared with the actual value of 20.752 million

yuan.
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Ficure 8: Comparison of per capita income between urban and
rural residents.
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FIGURE 9: Analysis of the difference between urban and rural per
capita income.

As can be seen from Figure 8, because digital finance has
not been vigorously implemented, the urban-rural income
gap in the village is still increasing in value from 2017 to
2021. However, as can be seen from Figure 9, the percentage
of economic difference shows a sharp decline from 43.04% in
2017 to 16.03% in 2021. It shows that the difference between
the rural economic growth and the urban economic growth
is shrinking. This is because, with the promotion of the
digital financial economic development model constructed
in this paper, the economic development speed of the village
has been improved.

3.2.3. Economic “Troika” Changes. Finally, according to the
annual financial report of the township government, this
paper understands the economic development of the village
in the recent five years, as shown in Figure 10. It can be seen
from the figure that, from 2017 to 2021, the development of
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the industry was stimulated by online banking loans. The
industrial investment index of the village increased from
5.30 to 61.38, and the economic investment increased sig-
nificantly. Thanks to the promotion of digital finance such as
webcast, online sales, and rural Taobao, the product export
index rose from 12.11 to 42.22, and the products also got
more sales. In addition, as residents have more sources of
income, they are bound to have more consumption op-
portunities. The indicated resident consumption index rose
from 18.88 to 31.98. This also shows that the quality of life of
rural residents has been significantly improved, and the
consumption level has continued to improve.

4. Conclusion

Through the analysis of the economic development model of
digital finance constructed in this paper, it is known that the
Moran scatter point in the village has changed significantly
from the original oligomeric digital finance to a high con-
centration from 2017 to 2021. From the analysis of the
economic income comparison chart, it is concluded that the
difference between the predicted value and the actual value
by using the Kalman filter and BPNN model is very small,
and the difference is no more than 10%. From the analysis of
the change diagram of the economic “troika,” we can see that
the industrial investment index of the village is increasing
year by year, the product export index is also rising, and the
resident consumption index is also growing. This shows that
the Rural Revitalization and digital financial economic de-
velopment model based on multimodal sensor fusion
constructed in this paper has achieved good results. Re-
garding future work, in terms of model setting, for the
comprehensive consideration of the trend analysis of de-
pendent variables and the significance of model results, the
model uses the fixed effect model of individual fixation. The
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double fixed effect model needs to be improved. In terms of
data selection, the sample is based on a single rural panel
data. Due to the limited level of the author and the difficulty
of data collection, the factors affecting the consumption of
urban and rural residents cannot be analyzed from the
microperspective of household information. In terms of the
endogeneity of the model, it is not easy to have endogeneity
problems in function form, sample selection, and mea-
surement error. The development of digital finance pro-
motes residents’ consumption, and residents’ consumption
demand reacts to the development of digital finance. There is
a causal relationship between the two. In turn, it will cause
the endogeneity of the model. One of the main reasons for
endogeneity is the existence of missing variables. Therefore,
it also needs to control the relevant variables as much as
possible, and it uses the endogenous spatial lag term to
analyze the space of the explained variables in the adjacent
areas.
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