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Abstract: With the rapid development of information technology and urbanization, 

the urban population has increased dramatically, and the difficulty of urban 

management has been increasing. In order to monitor sudden situations, ease traffic 

and employment pressure, and rationally analyze urban population movements, it is 

more reasonable. Allocate social resources, reduce security costs, and reduce the 

response time of emergencies. With the support of GIS technology, by analyzing the 

mobile phone data involuntarily provided by mobile users, the user's activity law and 

activity intensity are analyzed, and the base station number is summarized, the 

regional density distribution map is drawn, the highway network density is calculated, 

and the urban spatial structure is studied. Based on the basic conditions of the roads 

in the urban area, real-time road conditions, weather and other factors, lots of 

concentric circular service areas are established to analyze the flow and regularity of 

the urban population. 
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1. Introduction 

With the development of China's urbanization process, mobile phones have become 

an indispensable communication tool for contemporary people's lives. According to 

data from the Ministry of Industry and Information Technology, as of the end of 

December 2015, the number of mobile phone users in China reached 1.306 billion, 

and the penetration rate of mobile phone users reached 95.5/100. According to the 

latest research report of Zenith in the United States, the number of global smartphone 

users will continue to rise steadily by 2019. Among them, the number of smartphone 

users in China will reach 1.3 billion, ranking first in the world. With the rapid growth 
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of mobile terminals and the enhancement of processing power, major communication 

companies have realized that they occupy lots of mobile customers by occupying the 

mobile terminal market, and they have a large amount of mobile user information, 

which will occupy the future mobile Internet. Trend.In November 2016, at the 3rd 

World Internet Conference held in Jiaxing, the Qualcomm Company of the United 

States brought a 5G technology prototype that can realize the “Internet of Everything”. 

The Development and Reform Commission released the “New Generation Information 

Infrastructure Construction Project for 2018”. The Notice requires that the 5G scale 

network piloting will be carried out in no less than five cities in 2018. The number of 

5G base stations in each city is not less than 50, and the number of 5G terminals in 

the whole network is not less than 500. However, the irrational urban planning in 

China led to the uneven distribution of industries and the imbalance of economic 

development, which made urban data acquisition and measurement more challenging 

than the developed countries. 

 

2. Overview of the study area 

Kecheng District is the municipal district of Quzhou City, Zhejiang Province, and is the 

economic, political, cultural and commercial center of Quzhou. The total area of 

Kecheng District is 606.73 square kilometers, the resident population of Kecheng 

District is 464,500, the resident population has a total of 163,400 households, the 

household population is 429,500, and the resident population of Kecheng District is 

83,400. The urban population is 322,100, accounting for 69.33% of the resident 

population of Kecheng District. Quzhou city is located the western part of Zhejiang 

Province, with abundant precipitation but uneven seasonal distribution, and heavy rain, 

hail, thunderstorm and strong winds. There are many holiday celebrations, and the 

flow of people in the study area is irregular, which has an impact on public 

maintenance. 

The urban structure adopts the GIS spatial analysis method, which mainly involves the 

data conversion function of the GIS system, the editing function of the graphic data, 

and the distribution law of the analysis space after the vector graphics or the raster 

image. The vectorization process is the most important step for regional analysis. The 

commonly used vector process is generally carried out by means of hand-held tracking 

and digitization. The tracking digitizer will perform the tracking of the graphic elements 

on the map, and the analysis of small areas is performed. Excellent advantages, but 

for a large area such as a city or even a province, the way of tracking and digitizing 

can be cumbersome, and there is no advantage in the selection of large aspects, but 

also slows down the running speed. 
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3. Data source 

The population flow data comes from 4G user mobile phone signaling. The mobile 

phone data used in urban research is a kind of user-generated data that records the 

behavior on the personal space and time scale. Data generated by mobile users can 

be divided into voluntary data and involuntary data. Voluntary data is the location 

information that mobile phone users voluntarily provide, such as location check-in 

activities on social networking sites, uploading photos with geographic location 

information, and so on. Voluntary provision of data contains more information, 

behavior types, purposes, etc., but is often provided by specific types of users, such 

as sign-in to social networking sites, Weibo, WeChat and other dating software. 

The involuntary provision of data is the location information that is passively provided 

by the user, and the location information of the mobile phone user recorded by the 

operator when it is active in the mobile communication network. After the mobile 

phone is turned on, as long as the call, short message, and Internet access are 

performed, the location information is recorded by the base station. If the above 

operation is not performed, the mobile terminal periodically updates the periodic data 

with the base station, and records the location information. Involuntary data coverage 

covers all mobile phone users indiscriminately, providing more and more complete 

information on people flow activities. Currently, most urban studies based on mobile 

data are based on involuntary data (Sagl, et al, 2014). The involuntary provision of 

mobile phone data cannot record the purpose of user activities, and it is not possible 

to directly distinguish the types of activities such as employment, recreation, and 

residence from the data. Since employment, recreation, and residence have certain 

activities in different time periods, if the spatial distribution of mobile phone users 

during daytime, nighttime, workdays, and rest days are recorded separately, the 

spatial distribution characteristics of different behaviors can be distinguished, thereby 

judging from them. The use characteristics of different types of urban space. 

 

3.1 Data Processing 

Based on the above ideas, Ralti et al. differentiated and compared mobile phone user 

space distributions at different time periods, and used mobile phone data to describe 

the spatial distribution of urban activities in Milan, Italy, and compared the changes in 

activity intensity at different time periods. Becker et al. analyzed the employment 

space and commuting range of the urban population in the suburbs of New York based 

on the data of the phone users' different time periods. Kris estimated the spatial 

distribution of the resident population based on the spatial density of mobile phone 

user space at night, and used it for the planning of fire and first aid facilities. Manfredini 

used a combination of mobile phone data traffic, short message volume and number 
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of mobile switching center users in different time periods to conduct a dynamic 

analysis of urban activities in Monza and Brianza provinces. The above typical research 

explores the method of using mobile phone data to analyze the spatial and temporal 

distribution and activity intensity of different types of activities, and provides a 

reference for using mobile phone data to identify urban spatial structure. 

At the same time, the user can only connect to a unique base station. By recording 

the involuntary information of the mobile phone and transmitting and leaving the base 

station location, and moving to another specific base station location, the statistics are 

summarized according to the base station number to obtain the connection of the time 

zone in the area. The number of users, and ESRI's ArcGIS 10.2 to complete the 

analysis of density distribution, record changes in human flow in a specific area, and 

draw a map of regional density. 

 

4. Environmental design method 

4.1 Measurement of road density 

The number of urban pedestrians in the spatial structure must take into account the 

characteristics of the data information itself, as well as the design requirements and 

optimization requirements of the database in the process of informationization. The 

data is affected by many factors such as weather, holidays, and smooth roads. It is 

difficult to meet the demand according to the comparison of the population of living 

areas. The GIS spatial analysis method can provide stable information support 

according to the comprehensive analysis of the surrounding environment of the 

connected base station location and weather, while obtaining the user's location. 

Through the combination of the existing Beidou positioning system and the scanned 

map of Kecheng District, Zhangzhou City, lots of geographical locations are input into 

the GIS model and errors are eliminated, and the road density ratio is displayed by 

calculating the ratio of the total length of the road to the total area. Urban and 

suburban areas use different grades of boilers with different capacity, and the total 

length of different grades of roads is used to calculate road network density. The total 

length of all roads in Quzhou City is L, the area within the area is A, and the calculation 

formula of road network density ρ is 

ρ=L/A 

Conversion standard for road length equivalent to Table 1. 

Table 1 Equivalent road length conversion standard 

Traffic line type 
Landform 

type 

speed per 

hour/(km/h) 

Actual 

length/km 

Road  

length/km 

state Road 
Plain 

Hills 

80 

60 

1 

1 

1.000 0 

0.750 0 
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Alpine valley 40 1 0.500 0 

Provincial road 

Plain 

Hills 

Alpine valley 

50 

40 

30 

1 

1 

1 

0.625 0 

0.500 0 

0.375 0 

County road 

Plain 

Hills 

Alpine valley 

30 

20 

10 

1 

1 

1 

0.375 0 

0.250 0 

0.125 0 

Path 

Plain 

Hills 

Alpine valley 

20 

10 

5 

1 

1 

1 

0.250 0 

0.125 0 

0.062 5 

 
Chart 1 Equivalent road length conversion standard 

Further processing the input problem of the traffic line to determine the length of the 

roads in each county, using GIS technology to calculate the length of each county, 

high-speed, national highway, provincial road, county road, country road and other 

roads, and then through the total length of different roads in each county calculate 

the road density ρ. 

 

4.2 Calculation of accessibility 

The accessibility of the transportation network is determined by the accessibility and 

connectivity of the popular areas. The degree of accessibility between the nodes is an 

important basis for the flow of people. Accessibility is the average of the sum of the 

shortest paths from any point in the network to the other points. The expression is 

Where: Ti represents the accessibility of point I. The smaller the value, the better the 

degree of access to the point; Di, j represents the distance from point I to point j. 

The relative connectivity of the traffic network is based on the accessibility, the 

average of the sum of the shortest paths from any point to other points, and the sum 

of the points from one point to the other point is calculated by the formula, that is, 

the access to this point. degree. At the same time, in the transportation network, each 

hot area is in different geographical orientations, and there are direct or indirect 

connections between the hot spots. Therefore, the concept of connectivity is proposed. 

Connectivity is a measure of a hot area to other the indicators of the accessibility and 

ease of contact in each popular area are expressed by the following formula 

 
Where: Ai represents the accessibility of the point I ; A∗ represents the maximum 

value of the accessibility in the network; A′ represents the minimum value of the 

accessibility in the network; LCi represents the connectivity of the point I (0≤LCi≤1), 

The smaller the value of LCi, the easier the connection between this hotspot and other 
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popular areas. 

 

4.3 Establishment of service area 

The whole city is divided into several small pieces to form the establishment of the 

urban terrain model. Through the Network Analyst tool in ArcGIS, the service area 

analysis data is established in the network service area. By calculating the parameter 

range, the service area is affected by a certain limit, and the service scope and 

reachability of the network point are obtained. In the setting of the impedance data, 

any cost attribute can be selected as the impedance, and the impedance needs to be 

accumulated when determining the service area. For example, the impedance is set 

to 18 min, and the range that can be affected by the network point within 18 min is 

calculated. In the concentric circle service area of the time surface, the service area 

of the 15, 30, and 45 minutes is simultaneously searched on the unified network facility, 

and the default interrupt value is set to “15, 30, 45”, thereby obtaining concentric 

circle service areas of multiple time planes; Simultaneously find the range affected by 

10, 30, 50km on the unified network facilities, and establish a concentric service area 

with multiple distances. 

 

5. Summary 

Nowadays, with the rapid development of information technology and urbanization, 

the difficulty of urban management has increased due to the dramatic increase in 

urban population. Mobile phone data is a useful filling of traditional spatial structure 

research methods. The location data of mobile users in Kecheng District of Quzhou 

City is used as the data source. The spatial distribution of GIS is used to explore the 

distribution characteristics of urban population, and the emergency situation is 

monitored to ease traffic and employment. Pressure, a reasonable analysis of urban 

population flow can more rationally allocate social resources, reduce public security 

costs, and reduce the response time of emergencies. If you can perform mutual 

verification in combination with conventional data in areas with obvious characteristics, 

you can play a better role. 
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