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Abstract: With the deepening of urbanization, the urbanization process is gradually accelerated, and the urban spatial structure 
is constantly changing. The identification of urban functional areas is of great significance for optimizing the urban spatial 
structure and analyzing the behavior characteristics of residents. The emergence of geographic information data such as POI 
provides a new perspective for the study of urban functional area identification. This paper illustrates the identification of urban 
functional area based on POI from two perspectives: the data sources commonly used in the field of urban functional area 
identification and the methods commonly used in the field of urban functional area identification. 
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1. Introduction 
The identification of urban functional areas refers to the 

division of urban spatial areas according to urban spatial 
functions to help people deepen their understanding of urban 
physical space and social space. As an important part of urban 
economic and social functions, urban functional areas meet 
the daily needs of urban residents for work, residence and 
entertainment. Data commonly used in urban functional area 
identification include remote sensing image data, 
questionnaire survey data, point of interest (POI) data, social 
media data, mobile phone data, public transport card swipe 
data and taxi track data. Common identification methods of 
urban functional areas include qualitative analysis, cluster 
analysis, machine learning and so on. 

2. Research Status of Urban Functional 
Area Identification 

At the Fourth International Congress of Modern 
Architecture held in 1993, scholars put forward the concept 
of "urban functional district" for the first time according to 
the relationship between architecture and urban planning. 
Urban functional areas are defined as areas with similar land 
use and land use potential [1] in which the same type of 
natural resources and social services tend to be concentrated. 
As an important part of urban economic and social functions, 
different types of urban functional areas meet the daily work, 
living, entertainment and other needs of urban residents. 
Common urban functional areas include office areas, 
residential areas, leisure areas, etc. 

Urban functional zone identification is often applied to 
urban structure optimization, urban resource allocation, user 
behavior analysis and other fields [2]. For example, Yang et 
al [3] divided Xi 'an into 422 research areas based on 
administrative boundaries, and built a comprehensive urban 
travel grid based on GPS track data to provide suggestions for 
urban operation management and urban spatial layout. Wang 
et al [4] used the road network to divide the basic units of 
urban functional area identification, and based on taxi track 
data and point of interest data, proposed a new research 
method of multi-centrality of urban functions to help urban 
authorities better understand the urban dynamics in terms of 
functional distribution and internal connectivity, so as to 

provide references for urban authorities to allocate resources. 
Yang Zhenshan et al [5] divided Beijing into a regular grid of 
250 m×250 m. Based on cell phone signaling data and point 
of interest data, they quantitatively studied the day and night 
difference of functional use intensity and the degree of 
internal functional mixing within the region, and found that 
service facilities such as catering and living facilities had a 
higher intensity of use at night, while facilities such as 
financial and public services had a higher intensity of use 
during the day. 

Traditional data used in urban functional area identification 
include remote sensing image data and questionnaire survey 
data. However, remote sensing image data reflects urban land 
cover through physical features such as spectrum and texture 
of ground objects in remote sensing images, but does not 
reflect social and economic conditions. However, 
questionnaire survey not only consumes a lot of manpower, 
but also contains subjective factors of investigators in the data 
obtained from questionnaire survey. With the rapid 
development of communication technology, massive spatio-
temporal data has been generated in cities, including point of 
interest (POI) data, social media data, mobile phone data, 
public transport card data and taxi track data, etc. These 
spatio-temporal data have complete content and low 
acquisition cost. It brings new opportunities for the study of 
urban spatial structure. Social media data contains rich 
semantic information, but it is difficult to extract the useful 
semantic information for functional area recognition. Mobile 
phone data can truly reflect the real-time location information 
of residents, but there is no information about the city 
function; Public transport card swipe data and taxi track data 
more reflect the travel behavior of residents; POI data clearly 
defines activity types and locations, and is closely related to 
land use types. Therefore, POI data can be used as spatial 
semantic annotation functional areas to reflect social 
functional attributes of different urban land. POI data has 
been widely used in the field of identification of urban 
functional areas. For example, Zhen [6] has identified urban 
functional areas in the central city of Changchun through 
quantifying POI data, and compared the identification results 
of functional areas with the current land use map of 
Changchun, verifying the accuracy of the proposed method of 
identification of functional areas. Cao et al [7] calculated the 
weighted frequency-density ratio of each POI inside a 
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building and automatically classified a large number of 
buildings into different functional types, improving the 
quantitative identification method of urban functional areas, 
and the classification method based on density analysis is 
easy to understand. Chen et al [8] proposed a new idea of 
using POI data to identify urban functional areas, that is, to 
understand the spatial organization structure of urban 
functional areas by mining the co-occurrence pattern of POI 
data in cities, and to identify the functionality and 
characteristics of the organizational structure of urban 
functional areas by taking 25 domestic cities as research 
objects. They found that although the structure of cities is 
relatively similar, However, the co-occurrence patterns of POI 
data in different functional areas are quite different. 

In the identification of urban functional area, the research 
area is usually divided into several spatial units as the basic 
unit of urban functional area identification. The division 
method and scale of spatial units directly affect the 
identification accuracy of urban functional area. The common 
division of space units includes three ways: administrative 
area [3], road network [4] and grid [5, 9-10]. The division of 
spatial units based on administrative boundaries refers to 
taking the original administrative divisions of the city such as 
streets and communities as the smallest units. But in practice, 
the administrative boundary becomes blurred in the complex 
urban system, which makes the division of space units 
difficult. The division of spatial units based on road network 
data is to divide the research area according to road network 
data in the city, and take the specific area surrounded by roads 
as the basic research unit. However, due to the irregular 
distribution of the road network, the identified spatial units 
are not closed, so it is necessary to conduct secondary 
processing of the spatial units in the follow-up study. 
However, the most common method of spatial cell division is 
mesh-based spatial cell division, that is, the research area is 
divided into equal size grids. The grid - based division of 
space cells not only simplify the problem model, but also 
reduces the computational complexity, and is easy to operate 
and understand. For example, Liu Ju et al [9] divided the Sixth 
Ring Road of Beijing into a 500 m×500 m grid, constructed 
the O point and D point tensors, and used the tensor 
decomposition model to reveal the travel time pattern of taxi 
users from the daily scale and time period scale. Wang et al 
[10] divided Beijing into a 1 km×1 km regular grid, and 
proposed a functional area identification method based on 
spatial semantics based on taxi OD point data and POI data. 
Firstly, the research area was divided into three functional 
areas by using taxi OD point data, and then the spatial 
semantics of the three functional areas were analyzed by 
using point of interest data. The intensity of interaction 
between functional areas was quantitatively discussed from 
the perspective of temporal and spatial analysis. It is worth 
noting that the grid is the smallest unit for urban functional 
area identification, so it is necessary to pay attention to the 
accuracy of the grid in the process of urban functional area 
identification, and determine the grid specifications according 
to different research needs and accuracy. 

Common methods of urban functional area identification 

3. Common Methods of Urban 
Functional Area Identification 

Common identification methods of urban functional areas 
include qualitative analysis, cluster analysis, machine 

learning and so on. Qualitative analysis includes statistical 
survey, expert voting and other methods, most of which 
realize fast and efficient classification of urban functional 
areas through GIS platform. For example, Hu and Han [11] 
took Guangzhou Economic and Technological Development 
Zone as an example and proposed an urban functional area 
identification method based on frequency density and POI 
type ratio based on POI data to analyze the main functions 
and spatial distribution characteristics of urban functional 
areas in detail. Although qualitative analysis method can 
realize the division of urban functional areas based on public 
will, it is time-consuming and laborious, with strong 
subjectivity, and difficult to prove the accuracy of the results, 
so the accuracy needs to be improved [12]. 

Cluster analysis is to discover the spatial and temporal 
characteristics of residents' travel based on static or dynamic 
urban data, such as mobile phone data, POI data and taxi track 
data, and identify urban functional areas according to the 
spatial and temporal characteristics of residents' travel in 
different areas. Common clustering algorithms include 
density-based clustering, hierarchy-based clustering and 
partition-based clustering, among which the representative 
ones are DBSCAN, OPTICS and K-means. For example, 
Chen Zhanlong et al [13] used the spatial co-location pattern 
to dig out the distribution features of POI and form the 
regional feature vector, and used the K-means clustering 
algorithm for regional clustering to identify different types of 
urban functional areas in Beijing, such as entertainment 
business district, science, education and culture district, etc. 
Li Ke and Dang Yanzhong [14] adopted the density-based 
peak clustering algorithm CFSFDP to cluster the data of taxi 
pick-up and pick-up points. After discovering the hot space 
areas of residents' travel, they identified different types of 
urban functional areas through expert identification method. 
Cluster analysis has good accuracy for urban function 
identification, but in complex urban areas, clustering 
accuracy will be affected to some extent. 

The machine learning method is based on the relationship 
between data, and uses the machine learning model to extract 
features and identify urban functional areas. Machine learning 
algorithm is suitable for extracting high-level information, 
and its portability and scalability are very suitable for 
identifying and analyzing urban functional areas. For example, 
Sun Shijie et al [15] used random forest algorithm to evaluate 
the importance of features based on the number of taxi 
passengers on working days and rest days in different regions 
as the feature of machine learning, and finally adopted 
classical decision tree algorithm to classify functional areas. 
Taking Yuzhong District of Chongqing as an example, Cao et 
al [16] compared XGBoost algorithm with polynomial 
Logistic regression, k-nearest neighbor, decision tree, support 
vector machine (SVM), random forest and other machine 
learning classification algorithms based on night images, geo-
tagged microblog check-in data, POI data and other multi-
source data. It is found that the accuracy rate of XGBoost 
algorithm can reach 88.05%, which shows that XGBoost 
algorithm has achieved a good classification effect in the 
identification of urban functional areas. 

In addition, deep learning algorithms such as convolutional 
neural networks (CNNs) have been widely used in urban 
functional area recognition in recent years due to their 
powerful image processing and feature extraction capabilities. 
For example, Cao et al [17] proposed a new remote sensing 
and social sensing data fusion model based on end-to-end 
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deep learning, which automatically extracts time-related 
social perception features, integrates these features with 
remote sensing image features extracted through residual 
neural network, and conducts a large number of experiments 
on real data sets. The proposed method is proved to be 
efficient in the field of urban functional area identification. 
Hu et al [18] introduced a framework of geographic semantic 
analysis to explore the interaction mode between urban 
functional structure and traffic space by modeling the traffic 
interaction between road segments and the relationship 
between cities. First, the road trajectory corpus was 
constructed and trained to obtain the semantic embedding 
representation of road segments. The convolutional neural 
network model was used to process the context and 
topological information, and the social functions along the 
street were classified. Finally, the model was verified based 
on the rental trajectory of Beijing. 
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