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Abstract. In response to the problems in storage, processing, sharing, integration, fusion application, 

standardized management, and other aspects of surveying and mapping geographic information, the overall 

architecture of the surveying and mapping geographic information big data center has been designed. The 

"four layers and two systems" include infrastructure layer, data resource layer, platform support layer, 

application service layer, standard specification system, and protective operation system, providing reference 

for the construction of provincial and municipal surveying and mapping geographic information big data 

centers. 
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1. Introduction 

A geographic information data center is an organization that centrally stores, manages, and distributes 

geographic information data. It is an important infrastructure for achieving national spatial planning and 

resource and environmental management. The construction and management of geographic information data 

centers need to comprehensively consider the collection, storage, processing, utilization, and sharing 

requirements of geographic information data, involving multiple links such as data collection, data fusion, 

data quality control, data standardization, data sharing, and data security protection. Surveying and mapping 

geographic information have the characteristics of wide coverage and high data accuracy [1]. With the rapid 

development of artificial intelligence and big data, the content and form of geographic information products 

have developed into three-dimensional, dynamic, ubiquitous, and intelligent. The types and quantities of 

surveying and mapping geographic information data represented by large-scale terrain and geomorphic data, 

high-resolution image data, oblique photography, and 3D models are gradually increasing [2-4]. The 

problems of insufficient storage space, insufficient data processing capabilities, low resource sharing level, 

low data integration level, weak fusion application level, lack of standardized management, and dispersed 

and independent data are becoming increasingly prominent, seriously restricting the application effect of 

surveying and mapping geographic information data [5, 6]. Therefore, taking "data aggregation, deep 

integration, strong sharing, promoting intelligence, building platforms, and wide application" as the overall 

goal, this article and utilizes new technologies such as big data [7, 8], cloud computing, and spatial 

geographic information to design the overall architecture of the surveying and mapping geographic 

information big data center, call it the ' the "four layers and two systems". In order to provide reference for 

the construction of provincial and municipal surveying and mapping geographic information big data centers. 

2. Overall Architecture Design 

The overall architecture of the surveying and mapping geographic information big data center system has 

been designed as "four layers and two systems". The "four layers" refer to the infrastructure layer, data 

resource layer, platform support layer, and application service layer, while the "two systems" refer to the 

standard specification system and protective operation system. The overall architecture is composed of five 

layers: basic support, internetworking, resource elements, service supply, and service generation. Various 

service capabilities are generated according to the goal of digitalization, networking, service-oriented, and 

intelligence. The overall system architecture design is shown in Fig. 1. 
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Fig. 1: Overall architecture of surveying and mapping geographic information big data center. 

2.1. Infrastructure Layer 

The infrastructure layer refers to the underlying resource support of the surveying and mapping 

geographic information big data center. It can provide software and hardware, operating systems, 

virtualization environments, databases, and theoretical regulations for the deployment and operation of the 

system, and provide a supporting environment for data resource exchange, big data analysis, and geographic 

information platform. It is necessary to plan and construct information infrastructure resources such as 

computing, storage, network, desktop cloud, and computer rooms, and use advanced technologies such as 

virtualization and desktop cloud to build a cloud platform system for surveying and mapping geographic 

information data processing and a cloud desktop system. This will achieve cloud management, on-demand 

allocation, dynamic scheduling, and orderly expansion of various resources. It will quickly respond to 

changes in business needs, and provide a necessary and solid foundation for the application of upper level 

surveying and mapping geographic information business. 

2.2. Data Resource Layer 

The data resource layer refers to the data resource support of the surveying and mapping geographic 

information big data center, including basic spatial data, thematic data, map cache data, raw data, and basic 

map services. All kinds of multi-source heterogeneous basic surveying and mapping geographic information 

data (including DEM data, image data, KML data, tilt photography data, vector data, modelling data, place 

name data, etc.), product data produced by data processing system (including image tile, vector tile, DEM 

tile, DSM tile and other tile data) are stored in distributed map files, spatial database, geospatial content 

storage Information element database and other data storage methods realize the mixed polymorphic storage 

management of data products. The data resource layer will realize the full process management of all kinds 
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of surveying and mapping geographic information data from production, acquisition, processing, storage, 

transmission and utilization, build a unified data resource pool, and provide data resource support for upper 

business applications. 

2.3. Platform Support Layer 

The platform support layer refers to the basic platform environment for the business application 

construction of the surveying and mapping geographic information big data center, which is composed of 

development components, basic base map services, thematic base map services, spatial analysis services, 

service resource management, monitoring statistics, GIS cluster management, big data platform and other 

modules. It mainly provides service support for the system application platform and related business systems, 

including big data platforms and basic GIS platforms. 

The big data platform supports the hybrid storage framework of structured data, semi-structured data and 

unstructured data, as well as the hybrid computing capabilities of high-performance computing, parallel 

computing and distributed computing, providing basic support for upper distributed applications. Its core 

functions include metadata management, data quality management and other data governance function 

modules, data collection, data integration, data asset management and service, data analysis and other data 

fusion function modules. 

The basic GIS platform software is the core platform for the construction of surveying and mapping 

geographic information big data centers, providing service support for various spatial geographic data 

applications in the big data centers. It fully supports cloud native architecture and has the characteristics of 

microservices, containerization, and automated layout technology. It relies on high-performance cross 

platform technology to support the construction and efficient operation of the entire platform. 

2.4. Application Service Layer 

The application service layer refers to various surveying and mapping geographic processing business 

systems customized and developed by the surveying and mapping geographic information big data center, 

mainly including four subsystems: data processing, data resource sharing services, data intelligent processing, 

and data fusion applications. 

The data processing subsystem should mainly rely on high-performance geographic information 

technology for data storage, processing, analysis and calculation. To meet the requirements of processing 

surveying and mapping geographic information, publishing data services, sharing and exchanging data 

resources, and managing cloud GIS microservice environments, it is necessary to construct surveying and 

mapping geographic information data processing software, application server software, portal server 

software, and management server software. The basic GIS platform is the core platform of the surveying and 

mapping geographic information big data center, providing service support for various spatial geographic 

information data applications in the big data center. The selection of GIS platform directly affects the 

security, reliability, development, scalability, and response performance of the upper application system. 

The resource sharing service system realizes the whole process of data engineering services from data 

collection, cleaning to data governance, and finally completes data storage and warehousing. It is necessary 

to modify and process the surveying and mapping geographic information data in accordance with data 

standard specifications, data processing specifications, data model specifications, etc., in order to achieve the 

application requirements. The data is cleaned and quality checked in the resource sharing service system, and 

stored in storage. On this basis, resource sharing services build unified data asset management, providing 

metadata management, data label management, data lifecycle management, and data catalog cataloging. 

After completing the data asset organization work, it is necessary to collect data elements based on 

application requirements and construct appropriate data models to achieve effective correlation of multiple 

types of data. The data will be provided in two ways: distribution and application integration. 

Modify and process data according to data standard specifications, data processing specifications, data 

model specifications, etc. to achieve application requirements. The data is cleaned and quality checked in the 

resource sharing service system, and stored in storage. On this basis, resource sharing services build unified 

data asset management, providing metadata management, data label management, data lifecycle management, 
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and data catalog cataloging. After completing the data asset organization work, it is necessary to collect data 

elements based on application requirements and construct appropriate data models to achieve effective 

correlation of multiple types of data. The data will be provided in two ways: distribution and application 

integration. 

The information intelligent processing subsystem is based on components such as metadata collection 

and data collection, which summarize various existing surveying and mapping geographic information data 

into a database. Then, through data conversion, quality inspection, and other processes, it achieves 

standardized processing of multi-source surveying and mapping geographic information data, laying the 

foundation for further development and utilization. 

Due to the dispersion of existing surveying and mapping geographic data resources, the lack of effective 

correlation in data resource construction and management applications, and significant differences in data 

structures, a mechanism for multi-source data fusion processing urgently needs to be formed. The fusion 

application subsystem should adopt fusion processing methods such as format conversion, content extraction, 

scale matching, and region stitching to meet the needs of different application scenarios. Integrate data from 

different sources according to unified standards, certain fusion rules, and models to provide a dataset for the 

fusion of spatiotemporal, scale, location, logical association, and other aspects of spatial information data. 

Through processing toolsets such as format conversion, projection conversion, cleaning synthesis, 

classification extraction, as well as tools such as grids, vectors, 3D scenes, DEM, tile generation, and 

correlation, provide service support for data fusion analysis, Ultimately, achieving effective utilization of 

data and improving its utilization value. 

2.5. Standard Specification System 

Standard specifications are an important guarantee for the orderly and sustainable operation of big data 

centers, as well as an important basis for achieving data integration, database establishment, data application, 

and rational utilization of resources. Geographic information big data center should carry out the 

construction of a data standard system, including basic standard specifications, data standard specifications, 

service standards, and management standards. By referring to the national geographic spatial information 

framework, e-government related standards, the design guidelines for the national geographic information 

public service platform, and other relevant standards such as basic geographic spatial information and 

geographic framework data, a standardized system for the geographic information big data center system 

need to be formulated, and the construction and management standards, data service standards, and operation 

and maintenance management standards for the surveying and mapping geographic big data center also need 

to be formulated. The construction of a standardized system can help standardize the collection, processing, 

management, publication, and application of geospatial information data. 

2.6. Protective Operation System 

On the one hand, with the increasing amount of data in surveying and mapping geographic big data 

center, the complexity of data application models, and the diversity of application types, network security 

will face more severe risks. On the other hand, the large-scale application of new technologies such as cloud 

computing, big data, the Internet of Things, and artificial intelligence faces many new security risks, which 

also pose new challenges to network security protection [9, 10]. According to the overall requirements of 

surveying and mapping geographic management for data security, closely focusing on the practical needs 

and development needs of data management security, in response to a series of security risks and threats 

faced by future business development, technological development, and capability development, security 

protection should be carried out from aspects such as security physical environment protection, security 

communication network protection, security zone boundary protection, and security computing environment 

protection. Specifically, protective measures such as centralized encrypted storage, firewalls, antivirus, 

confidentiality systems, network behaviour auditing, and intrusion detection are adopted to achieve security 

and compliance purposes. 
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3. Conclusions 

This article focuses on the problems in the application of surveying and mapping geographic information 

data, and designs a "four layer and two system" overall architecture of surveying and mapping geographic 

information big data center. The construction of the big data center can promote the improvement of the 

digitalization, networking, service-oriented, and intelligent level of surveying and mapping geographic data 

management, and improve the service and comprehensive application efficiency of surveying and mapping 

geographic information data. The next step will be to design various functional modules and business 

processes within the overall architecture system, and research will be conducted on key technologies such as 

virtualization parallel computing, massive data fast computing and storage access, multi-source 

heterogeneous business data conversion, and heterogeneous hybrid cloud computing. 
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