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With the rapid development in the internet, cloud computing, Internet of Things, mobile
internet, and other information technologies, the big data technology is widely used in all
aspects of smart city construction. This study analyzes the development status of big data
in urban planning and construction and studies the application of the big data technology in
smart city construction. This study mainly analyzes and studies the aspects of smart city
planning, smart transportation, smart community, smart health care, and smart education
and finally puts forward relevant thoughts.

Keywords: big data, new data environment, smart city, city planning, city building

INTRODUCTION

Technology is changing rapidly, especially in areas such as mobile connectivity and artificial
intelligence, as well as the rapid popularization of mobile intelligent terminals, and the data
generated by all walks of life are growing explosively (Ying and lunlun, 2017; Ying-Hua, 2019).
Effectively mining and using the value information implicit in “big data” have become the focus of
research and attention of many experts (Zhao and Li, 2021). The construction of a “smart city”
should rely on these innovative technologies to connect and integrate the various systems and
services of the city (Ying and Qizhi; Zhao andWu, 2021) and connect the real city with the digital city
through collection, processing, and analysis of sea volume data in the real city so as to optimize urban
management (Minaei, 2021; Zhang et al., 2022), improve the utilization efficiency of resources,
provide smart services for urban residents, and improve the quality of life.

Current Situation of Urban Planning and Management
The legal system needs to be further improved, and the urban planning management is not
standardized. The requirement of administrative laws in the field of urban planning is to
regulate a series of administrative acts, including abstract administrative acts and specific
administrative acts, such as organization, compilation, approval, implementation, supervision,
and inspection of urban planning. In view of the current situation of urban planning legislation
in China, there are no procedures for planning approval such as tendering, government
procurement, time limit, public announcement, hearing, and adjustment. Many of these
problems are caused by the imperfection of China’s administrative procedure legislation.

For urban planning in our country, the decision-making power of urban planning seems to belong
to government leaders and planning experts, and urban planning seems to be increasingly far from
the public eye, making it difficult to ensure the validity and rationality of urban planning. Local
governments and departments have too much planning discretion in the course of urban planning
management (Sun and Tang, 2021). Planners and the public are only the executors and implementers
of urban planning decisions, which are not conducive to the restriction and supervision of urban
planning management activities. At this time, urban planning decision is far from the original
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purpose and goal of urban planning and not conducive to the
long-term healthy development of the city.

Theories and Methods in Traditional Urban
Management and Planning
In 1898, Ebenezer Howard, an Englishman, put forward the
theory of “pastoral city” (Chai et al., 2021; Tania et al., 2021).
As a result of his research, he has written a book, Tomorrow: A
Path to Peace for Real Reform, which aims to radically improve
the urban form of capitalism (Yaghoob et al., 2021), pointing out
the contradiction between cities and liveability in industrialized
conditions and between large cities and natural segregation.

Howard’s theory (Jasmina, 2021) studies the city as a whole,
links the relationship between urban and rural areas, puts forward
the urban planning problems which adapts to the modern
industry, and puts forward the point of view of population
density, urban economy, and the importance of urban
greening, which plays an important role in the construction of
urban planning discipline. Today’s planning circles generally
agree that Howard’s proposal’s “idyllic city” was the beginning
of modern urban planning (Gao et al., 2021; Prakash et al., 2021).

At the beginning of the 20th century, the vicious expansion of
large cities made controlling and evacuating the population of
large cities a prominent problem. Howard’s theory of the “garden
city” was further developed by his follower Unwin (Liu and Gao,
2021) into a theory of satellite cities around large cities to evacuate
people and control the size of large cities. A theoretical solution
was proposed in 1922. At the same time, Wheaton, the American
planner, proposed to surround the big cities with green space,
limit their growth, create satellite towns outside of green space,
build industrial enterprises, and maintain some connection to big
cities (Lavalle et al., 2020).

CURRENT SITUATION OF SMART CITY
CONSTRUCTION: NEW DATA
ENVIRONMENT AND QUANTITATIVE
URBAN RESEARCH

Throughout the development history of urban science, from the
recording and description of urban phenomena to the induction
and summary of urban phenomena, to the description of the
relationship between urban things, and finally to the perspective
of systems and even complex systems, its development process
has experienced a process from qualitative to quantitative. Under
the background of the gradual transformation of China’s urban
planning from “large-scale demolition and construction” in the
past 2 or 3 decades to fine planning and management,
quantitative urban research has attracted more and more
attention. At the same time, the progress and popularization
of the information and communication technology in recent
years have provided a large number of new data sources for
quantitative urban research, including not only big data in the
strict sense but also open data from commercial websites and
government departments, which together constitute an

important basis for understanding the operation law of the
urban system. It also promotes various changes in research
methods and research issues in the field of quantitative urban
research. This study attempts to sort out and summarize several
main reform trends of quantitative urban research in China and
put forward some thoughts on issues related to discipline
development, hoping to attract the attention and further
research of domestic academic circles.

New Data Environment
With the rapid development in artificial intelligence (AI), cloud
computing, Internet of Things (IOT), blockchain, and 5 g (Xiang,
2020), the data which are generated by mobile terminals,
e-commerce, RFID, and face recognition and other application
scenarios are increasing every day. Accordingly, more and more
network applications are widespread based on the P2P network
technology, such as the search engine, short video, and social
media, and are increasing in large quantities (Popescu et al.,
2020). It can be said that the data generated by mankind in recent
years are more than the total data generated by mankind in
history, which is no exaggeration; the amount of data generated in
the world every day is as high as 2.5 exabyte (EB, 260); this kind of
high-capacity, high-speed diversified big data streams are
increasingly becoming the focus of attention in China’s
planning academic circles (Li and Han, 2020). In fact, the
databases on urban researchers are expanding, including
government open data, open-source low-value commercial
data, and voluntary geographic information that facilitate
smart cities and people’s livelihood services. The data
environment composed of this information is significantly
unique compared with the traditional data. These data have
the characteristics of high precision, wide range, and fast
update. Specifically, the data is one unit based on individuals
or facilities. The data are not limited by administrative regions,
and they are updated all the time. This not only means that the
amount of data itself is huge but also reflects the related hidden
information, including personal behavior information, mobile
information, and communication information. The concept of
urban planning in the period of new urbanization is people-
oriented, stock renewal, and bottom-up. Being people-oriented
means that in the process of urban development, people come
first, and urban planning and development take people as the
starting point. In contrast, it takes things as the primary focus.
This is an early development concept in the process of urban
development, which often ignores human factors. Stock renewal
refers to the transformation and upgrading based on existing
resources in the process of urban planning, construction, and
governance, so as to avoid new and abolished reconstruction as
far as possible. The opposite is incremental development. The
bottom-up development concept means that the driving force in
the process of urban development comes from the ordinary
people at the lower level rather than from the upper orders of
the country. The opposite is the top-down concept. The new data
environment is a powerful tool to promote efficient urban
governance and scientific planning. Undoubtedly, whether it is
academic research, planning practice, or business consulting, it is
a breakthrough development opportunity (Qian and Li, 2020).
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Quantitative Urban Researches
Quantitative urban studies (Ahmad, 2021) are a scientific
research method, which is compared with qualitative urban
research to explore the general rule of urban development by
a great variety of data, scientific means, and mathematical tools
on a certain urban theoretical basis. It quantifies the problems and
phenomena in urban planning and then analyses, tests and
explains them so as to obtain meaningful urban planning
research methods and processes. Quantitative urban research
is to measure and obtain data based on digital symbols. By
comparing the characteristics of the research object according
to a certain standard, we can measure the characteristic value of
the object or find the variation law of the quantity between some
factors. It can be applied to support the analysis of the current
situation of urban and rural planning at various stages such as
urban scheme establishment, implementation, supervision, and
evaluation. For the current quantitative urban research, the
biggest difference is not only the traditional planning
informatization or the application of the new planning
technology but also more focused on the comprehensive,
intuitive, and objective analysis of urban phenomena (Dowling
et al., 2021); thereafter, the analysis results are given feedback to
urban managers department, policymakers, experts, scholars,
planners, and urban residents through various interactive
formats, such as media and network, and then, its scientificity
is improved in the process of urban planning and related
policymaking from various aspects.

In the current academic circles of western developed countries,
it has become a research hotspot to analyze urban space and
crowd activity in a new data environment. A large number of
studies can be preliminarily summarized into seven types, as
shown in Table 1. To sum up, the relevant research highlights
three characteristics. After all, the research tends to be scattered,
that is, compared with the comprehensive analysis of the urban
system, there is much more local analysis of a specific aspect of
urban phenomenon, which is related to the characteristics of the
new data environment because its essence is large amount of data,
high precision, and few dimensions. Second, both the analysis and
algorithm tend to be simplified, that is, interesting and
meaningful analysis results can be obtained through a simple
statistical analysis of time, space, and attribute levels. Third, it
focuses more on the judgment and analysis of current problems
than the prediction or simulation of the future.

At present, some representative quantitative urban research is
carried out in China using the new data environment which
includes the following: using bus card swiping records to study

commuting travel, urban poverty, excessive commuting, and the
spatial structure of bus commuting; using mobile signaling data
to study urban population distribution, spatial structure, the
influence of business district, travel distance of residents, etc.;
using taxi GPS data to predict the location of congestion;
analyzing the temporal and spatial characteristics of daily
activities of suburban residents by using GPS data; using social
network location data and sign-in information to study the
function and mixing degree of urban land, urban development
boundary, division of the urban activity area, and spatial structure
of urban network information; using the Baidu Index to study the
characteristics of the regional urban network; using Baidu and
Gaode migration data to study the urban system and residents’
Golden Week tourism behavior; using public comment data to
study the pattern of the catering industry and restaurant location;
using the online data of national PM2.5 monitoring to study the
distribution of PM2.5 pollution; and the use of microscale
demographic data to analyze China’s urban pattern. In
addition, due to China’s weak open data foundation, limited
data coverage (for example, the spatial data opened by the
government are mostly for one city), and the lack of unity and
horizontal comparison between cities and regions, an important
work of current quantitative city research is to extract and
summarize open data nationwide. The representative data and
research results include the following: 1) collecting and
spatializing the land use planning maps of more than 200
cities across the country and preliminarily synthesizing the
“national land use planning map” so as to preliminarily
evaluate the spatial consistency between the actual
development and planning of each city in the process of rapid
urbanization; 2) collecting the census data of townships, towns,
and sub-district offices in municipalities directly under the
central government, provinces, cities and autonomous regions
and then studying the population density and its temporal and
spatial evolution at the sub-district level of townships and towns;
3) obtaining the daily and hourly PM2.5 concentration data and
daily aerosol (MODIS AOD) remote sensing images of all
monitoring stations in China in 2020, establishing a national
PM2.5 concentration map at the Township street scale, and
evaluating the corresponding population exposure; 4)
obtaining through online open data, the data of all bus lines
and stations in more than 300 cities in China and then

TABLE 1 | New data environment for urban space and crowd activity analysis.

No Datatype

1 Real-time sensing of social network data
2 Multiple traffic network data analysis
3 Construction of the new urban data system
4 New traffic model
5 Risk analysis of the urban development path
6 New crowd movement analysis system
7 New traffic demand management tools

FIGURE 1 | Overall framework of quantitative urban research.
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performing the nationwide urban public transport service
coverage evaluation.

Summarizing the progress of domestic quantitative urban
research in the past 3 years, it is found that the emergence and
maturity of a new data environment have brought great
changes in the content and research methods of urban
research and promoted the further integration of urban
planning and other related disciplines and the innovation of
research paradigm, research methods, and content. At present,
the overall framework of quantitative urban research in China
is shown in Figure 1. The relationship among traditional data
or new data environment, its research methods, and research
problems are as follows: the data environment and research
methods affect each other, that is, research methods change the
data environment, and in turn, the latter promotes the renewal
of research methods; however, research methods will only
produce some problems. Similarly, the change in the data
environment will only bring new research problems.
Relevant research is based on the combination of traditional
data and a new data environment and adopts appropriate data
processing and research methods to focus on a series of core
issues of urban planning. In this context, we observed that
there are four major changes in China’s quantitative urban
research: the change from small-scale high-precision, large-
scale low-precision to large-scale high-precision in the spatial
scale; the time scale is changing from the static section to
dynamic continuity. The granularity of research is changing
from “land-based” to “people-oriented,” and the methods of
research are changing from a single team to open source
crowdsourcing.

In promoting the application of big data in smart city planning
construction, there are many problems that need to be solved
urgently. First, there are certain barriers to data exchange in the
city. Although the information platform is used to complete data
storage and business processing of enterprises and institutions in
the city, due to the restrictions of the interests, functions, and data
standards of various units, information resources cannot be truly
exchanged and shared, resulting in the accumulation of massive
data on various information platforms, which cannot be
effectively utilized and mined. Therefore, it is necessary to
further strengthen the overall management of data, establish a
unified data standard system, open up the interconnection
between systems and services, and realize the sharing of
resources. Second, there are few scientific and technological
enterprises, there are insufficient talents for big data analysis,
and the application efficiency of data is low, which leads to the
insufficient role of the big data technology in the construction of
the smart city. Through the training and introduction of big data
analysis talents, scientific and technological innovation are
focused, and the application effectiveness of the big data
technology is improved. Third, there are some security
problems in the data stored in the information platform and
the data transmitted under the network environment. Therefore,
it is necessary to encrypt sensitive and important data or establish
a security system to prevent hackers and illegal elements from
attacking the network or collecting platform information.

THREE STAGES OF BIG DATA
APPLICATION IN URBAN MASTER
PLANNING
The application of big data in urban master planning mainly
includes the following three stages.

Understanding: Understanding Urban Laws
The preliminary analysis is the basis and premise of the scheme
design. Traditional planning research is mostly based on the
summary and observation of experience, but now with the rapid
development of science and technology, the research is not
limited to books and existing classical theories. Big data
promote urban planning and design from empirical judgment
to quantitative analysis. The analysis of residents’ behavior data
such as employment, travel, and recreation can support the
understanding of urban laws and enhance the understanding
of the current situation so as to provide more in-depth and
accurate preliminary research support for subsequent planning.
The developed applications, such as large-scale models, human
trace maps, and social perception mood maps, are empirical
understanding of the urban law. In the future, with more open-
source data, planners and decision makers will be able to more
easily obtain first-hand information about the city, and it will no
longer be difficult to understand the law of the city.

Creation: Planning and Programming
The formulation of the land use planning scheme is one of the
core contents of urban master planning. In the process of
traditional urban planning, the formulation of the land use
planning scheme often depends on the experience and
understanding of planners: the comprehensive ability,
requirements, and preferences of planners have a direct impact
on the quality of the scheme. With the application of big data in
the field of urban planning, planning and design technologies and
means based on quantitative analysis have also emerged, that is,
“data augmented design” (Dad: data augmented design), a new
form of planning and design support. Driven by quantitative
urban analysis, data enhancement design provides support tools
such as investigation, analysis, scheme design, evaluation, and
tracking for the whole process of planning and design through
data analysis, modeling, and prediction so as to improve the
scientificity of design with data demonstration and to stimulate
the creativity of planning designers.

Based on the problems found in the previous quantitative
analysis, some schemes to solve the problems can be put forward
by using design techniques, and the urban model can be used for
scenario simulation. According to the scenario simulation
results, the most appropriate scheme can be selected for
deepening.

For sites with scarce data, the method of extracting the
“urban growth gene” can be used to quantify the case
reference method. This model regards the city as a living
body, explores the gene of urban development, and
summarizes the general laws so as to support the planning
and design of the new area.
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Evaluation: Evaluation of Planning
Implementation
Planning implementation evaluation is an important application
field of big data in urban planning. It mainly includes dynamic
tracking of the planning implementation process and evaluation
of the planning implementation effect.

At present, urban master planning is the ultimate blueprint for
static planning, rather than the planning for the process, so it is
impossible to consider the dynamics of urban development.
Based on big data, the basic data used by each index can be
dynamically updated so as to track and monitor the
implementation process of the plan.

Using big data to evaluate planning, this study mainly
introduces the application of two dimensions: one is the
research on urban growth boundary and planning consistency
(i.e., the consistency between planning processes); the other is the
evaluation of the urban spatial structure.

APPLICATION OF BIG DATA TECHNOLOGY
IN SMART CITY CONSTRUCTION

With the continuous improvement in management refinement,
service level, the urban platform functions of complexity and
diversity in the process of smart city construction, the integration
of big data technology has become the key with the advent of the 5 g
era, and the construction of 5 g base station network, big data
technology will be more deeply integrated into multiple application
levels of smart city to comprehensively improve the intelligence of
the city. The relationship among big data, Internet of Things, and
smart city construction is shown in Figure 2.

Smart City Planning
In smart city planning, the integration of big data technology can
improve the efficiency of urban construction, further standardize the
planning of urban space, and help adjust the rational allocation of

urban resources. The smart city construction mainly includes smart
infrastructure, smart operation, smart service, and smart industry. It is
necessary to plan urban space and build urban infrastructure with the
help of massive data information, and big data can be used as the
source of massive data. In the meantime, with the help of the big data
technology, it helps conduct urban surveying and mapping more
accurately, make effective use of land resources, make urban planning
more scientific, clarify the theme and objectives of urban development,
and build an intelligent collaborative system and spatial planning
system. Establishing a big data analysis platform, accelerating the
collection, integration, and analysis of various urban information
resources, and providing timely feedback on the analysis results helps
in strengthening the rationality and scientificity of urban planning.

Intelligent Transportation
To realize a smart city, we must first build an integrated and
intelligent new infrastructure and promote the construction of
intelligent transportation and intelligent pipe network. We should
use Internet of Things, big data, and other technologies to establish
an intelligent information acquisition and control system, form a big
data platform for traffic management and transportation
management, and monitor and collect urban traffic data in real
time, such as driving speed, traffic flow in different periods, road
congestion, monitoring video, traffic intersection signal lights, and
other information. Through the analysis of the aforementioned
information, we can find valuable laws, obtain accurate traffic
information, clarify the current operation status of vehicles and
roads, and present this information on the terminal in a more
intuitive way through the information exchange between the big data
platform and the driver terminal by using the visualization
technology so as to effectively help the driver drive, plan a
reasonable driving route, and scheme for it to effectively avoid
traffic congestion. In the meantime, the use of the big data
technology can effectively help the traffic management
department make reasonable planning for intelligent
transportation construction. In daily supervision, the existing
traffic faults are analyzed by detecting the traffic conditions and
problems of each road so as to assist in the decision-making of traffic
management. Big data technology was applied to road network
transportation equipment to realize real intelligence in terms of
hardware and software.

Smart Communities
By building a smart community, the city’s services will be more
convenient so as to improve the happiness index and satisfaction of
community residents and benefit the citizens from the achievements
of smart city construction. The specific implementation contents
mainly include the following: continuously monitoring the
community street environment, real-time detection of community
garbage cans, detection of driving routes, and tracking of sanitation
vehicles. By setting up integral rewards, community residents are
encouraged to classify garbage and put it into corresponding
dustbins. In the process of garbage delivery, residents can
conduct face recognition through the camera on the dustbin.
After identification, the dustbin door will open automatically.
After garbage delivery, the dustbin door will close automatically.
For recyclable waste such as plastic, paper, and metal, points shall be

FIGURE 2 | Relationship between big data, smart city, and internet of
things.
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calculated according to the amount of waste. The community
residents can query the number of points and exchange goods
for points through mobile terminals. At the same time, the
location information, temperature information, damage alarm
information, and garbage filling information of the garbage can
will be uploaded to the smart community platform regularly to help
community personnel monitor the health situation of the
community in real time and carry out efficient management.

Smart Medicines
Smart medicine refers to the integration of internet, artificial
intelligence, big data, and other technologies with the traditional
medical system to realize the intellectualization of the traditional
medical system. Intelligent one-stop medical service, B-ultrasound
intelligent diagnosis system, and patient medical archives intelligent
management system all belong to the category of intelligent medical
treatment. Among them, the intelligent one-stop medical service
uses networked medical facilities and big data technology to provide
convenient and one-stop diagnostic services for patients, remotely
obtain the health data of patients, compare, and analyze these data
with the data in the medical database, determine the classification of
patients, and then put forward diagnostic suggestions and treatment
plans for patients. The B-ultrasound intelligent diagnosis system
stores massive diagnostic data such as medical staff and researchers
into the system in advance. After obtaining the B-ultrasound
diagnosis information of patients, it uses data mining, deep
learning, and other technologies for analysis to help the medical
staff determine the diagnosis results more accurately and
conveniently. In the context of big data, further improvement
should be made in the patient’s medical file information
management, a smart medical file management system should be
formed, stored, and processed, the patient’s health data throughout
the life cycle should be analyzed, the potential health risks of patients
should be found and given early warning in time, the smart
management system should be helped to retrieve the patient’s
medical file information in an orderly and efficient manner, and
medical disputes caused by multiple visits, loss, and confusion of
inpatient medical record information should be prevented.

Wisdom Education
Smart education is a new education model and form of Internet of
Things and intelligence formed by relying on information
technologies such as big data, cloud computing, internet of
things, and mobile communication. Smart education is an
important part of smart city construction. The establishment of a
smart education platform and the use of the big data analysis
technology can realize the personalization of education and
provide targeted and customized learning suggestions, programs,
and relevant learning resources for learning objects. It should be
performed by collecting the data on the school environment,

teachers, and students’ learning stages, including students’ basic
information, learning behavior in different periods, and learning
achievement. On this basis, the collected data are preprocessed such
as data classification and integration so as to provide high-quality
data for datamining and data analysis. Then, the corresponding data
analysis model is established, the learning objects are classified, the
learning preferences and characteristics of these kinds of students are
identified, the potential laws in learning behavior are excavated, and
suggestions are provided for the adjustment of learning plans for
these kinds of students. In addition, the data visualization technology
can also be used to analyze students’ learning preferences, mastery of
learning contents, and academic achievements.

CONCLUSION

The application of the big data technology in the construction of a
smart city will help improve the intelligence level of the city. A
comparison between the new urban spatial data environment and
the traditional data environment is shown in Table 2. In addition to
the aspects mentioned in the article, the construction of a smart city
also involves smart public services, smart logistics, smart finance,
etc., giving full play to the role of big data, artificial intelligence, and
other technologies and constantly analyzing andmining the valuable
information hidden in the data to help build smart cities.
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